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Annexure A: Department Information

| Department of Mechanical Engineering \

One of the founding units of the Institute, the Department of Mechanical Engineering at IIT
Kanpur has played a leading role in definingand executinga unique engineering science
curriculum that has served as a moddbr academic programs around the country. It has played
a prominent role by settinghigheststandards in teachingwhile creating new interdisciplinary
programs in industrial engineering, mechatronics,design, and nuclear engineering and
technology. Developments inthe field of electronics, computers lasersand automation have
been integrated into academic programmes, thus creating an edge in its professional activities.
Newer domains such as Atrtificial Intelligence and Machine Learning are in the quess of
inclusion.

The Department graduates around 150 undergraduates, 8000 Masters and 5-20 PhDsper
year. Many of its alumni hold eminent positions in academia and industry around the world. A
wide spectrum of courses is offered at levels rangingdm the undergraduate to doctoradegree
program. Many subjects such as computational mechanics, laser measurements, micro scale
transport phenomena, smart materials and structures, multscale simulation, rapid
prototyping, futuristic manufacturing, design of thermal systems, artificial intelligence and
machine learning, are offered as electives. On an average, at l¢ast to three new courses are
proposed every year, keeping in mind the development of the discipline. We are also well
recognized for leadirg student initiatives such as the nanaatellite and the Boeingsupported
autonomous vehicle program.

Faculty members, 45 in number at present, have excellent academic credentials and are highly
regarded by peers. They have been conferred awards at natidrend international levels. The
fellowships received by the faculty members include Boyscast, Swarnajayanti, Bhatnagar,
Humboldt and JSPS. Many of the faculty members have membership in one or more professional
societies and a few are elected Fellows of naus professional bodies such as INAE, INSA and
ASME. Several serve on the editorial boards of international and national journals, review
technical articles for journals on a regular basis and are technical and organizing committee
members of international symposia and conferences. Several others have excelled in teaching
and have been conferred awardsind recognitions for their seminalcontributions. Wealsohave

a very healthy tradition of disseminating knowledge via writing books and monographs.
Faculty members have authored quite a few textbookand some are recognized as classics in
their respective domains.Publication statistics reveal at least3 good papers per faculty per
year. Bmphasis is also laid on patents and technology development. The Depaent has
identified the following strengths,that form the basis of its future aspirations

E Advanced mechanics and multi -scale modelling : Major disciplines such as condensed
matter physics, fluid dynamics, optics, no#dinear dynamics and structural mechanics
derive ideas from classical mechanics. The primary aim is to understand, follow, and
ultimately predict critical parameters such as peak stress or maximum temperature or
largest deformation or highest current densiy or incipient failure of a system, given
knowledge of its interaction with the environment, and the stress response of the material
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composing the system. There is an evagrowing requirement for detailed analyses,
addressing complex loading patterns, nomechanical interactions such as thermal or
electromagnetic fields, incorporating real geometryand realistic material behaviour.

1 Non-invasive measurements : Techniques have been developed for measuring transport
properties in solids, fluids, and fluid mixtOA O O O E 1 -@ys,ulkadshuddamd Imfra-red
emissions Other applications are seen in nowlestructive testing, void fraction measurements
in nuclear reactors, and process control in power plantsunderstanding the physics of phase
change thermal sgtems.

1 Manufacturing processes for new -era machines and components : There is substantial
interest and expertise in process development, optimization and control related to
conventional and norrconventional manufacturing processes, microand nanomanufacturing
and CNC machining. Development of neera machines of small length scales based on self
organizing smart materials, including generative processes, mictabrication, bio-material
mechanics, and selassembly is one of the current research areas. Suchachines are
envisioned to have multiple applications in molecular recognition, achieve displacements and
precise actuation at micre to nano-scales. It includes the concepts of errefree manufacturing,
the selfcorrecting nature of shaping process, advaed metrology, and software development
for CADto-product processes. One other research area is concerned with nafinishing of
large components and controlled patterning of surfaces. A thorough evaluation of nano
tribological aspects of surfaces is atsincluded, particularly in micro and nano scale machimg.
One of the mandates is also to develop hybrid processes for surface texturing using modern
machining techniques which can alter the functionality of newera machines. A line of interest
lies in process modelling and simulation for metal forming, solidification processes, component
design and thermal and transport phenomena of various manufacturing processes with an aim
towards the development of improved manufacturing and materials processes. Theselude
casting, highenergy beam assisted manufacturing, surface coating and deposition processes,
texturing and electromagnetic materials processing.

1 Energy: The presentday concern with shortages in energy resources and the quality of
emissions and enwonment has pitched the subject to the forefront. The discussions on bio
fuels, hydrogen economy, gabydrates, fuel cells, and CQdisposal have a societal angle to
them. We try to understand combustion in a transparent internal combustion engine with an
aim to reduce emissions and improve thermal efficiency. Several gaseous and liquid alternative
fuels and advanced engine technologyguch as laser ignition and homogeneous charge
compression ignition are being developed in addition to large bore engines and exhaust gas
after-treatment systems. The department is home to expertisen heat pipes, particularly
pulsating heat pipes and loop heat pipes a technology of critical importance in thermal
managementof high-power electronics. New initiatives can be seen in the area of thermal
energy storage using phase change materials. New projects have been acquired in areas such
as thermal manag@ment of EV vehicles/batteries, solar thermal water desalination, dropwise
condensation on textured surfaces, understanding transport processes in extracting gas
hydrates, and clean coal combustion.

1 Computational mechanics and transport : This includes domains of composite materials,
structural analysis, fluids and turbulence, heat and mass transfer, multiody dynamics, and
optimization. The next era will require greater creativity in mathematical modelling, multi
scale simulation and ultrafast computation of unstable systems in the engineered as well as
natural world. Validation of models and theories against experiments is one of our research
targets.



IIT Kanpur Department of Mecharical Engineering

| Vision and future plans

As a discipline, Mechanical Engineering has a come a long way; in contemporary times it
encompasses a vast canvas, including a gamut of siisciplines. Sincethe invention of wheels,

axels and fire our art has sprouted and continuously evolvednto onethat contains, within its

confines, the design of energy conversiosystems automobiles, aerospacemarine anddefence
equipment, biotechnology, computers, electronics, micreelectro-mechanical systems, robotics

and automation, and manufacturingsystems & 01T I O7A OO0O0O1T xEAAI 66h 100
Al O1T OO0 OA presdnillady méxbanical enginees contribute to a wide-ranging technology

spectrum, starting from ideation, material selection, designmanufacturing, quality assurance,

all the way tointr oducing a socially useful productor technology inthe diverse and complex
marketplace.

Accordingly, the skill set requirements and expectations ofGenNext are equally diverse and
intricate. Managing complexitiesin inter-disciplinary domains, solutions requiring critical
thinking and deep analysezart of syntheses with afocus on ¢eativity and innovation, working

in man-machine-analog-digital co-working environments z advent of artificial intelligence and
machine learning, sweeping societall@anges due to internetof-things and technologies such as
block chains, online platforms, and major strides in communications systems, are some of the
facets of contemporary dynamic teckspectrum which is certainly going to affect pedagogy of
mechanical emineering in particular.

It is critical that, OAOEAO OEAT &£ AOOOEI ¢ 11 OAI OAOET ¢ OEA
design, aim at percolating the O A O O A81- Covéylin® universality of ideas instead of

OAT I PAOOI Aahdrtheptocessdh AOA OEA DPOAAOGEAA 1T £ OEIT x
to the changing environment. It is central to our thinking that we inculcate the art afonnecting
apparently diverse domains of science and engineering through common threads.
Simultaneously, it is crucial or engineers to workon interactive platforms, indulge in tinkering,
DIY and project-based learningand internship paradigms.Last but not the least, moderrday
citizens and evolving techdesigns cannot remain insensitive towards challenges dénergy,
Environment, Ecologyand Sustainability. Accordingly, a weltrained mechanical engineer nust
understand and appreciate the thermemechanical environment in which the
element/product/system/sub -system functions, and the various forceswhich affect its
operation, efficiency and sustainability With society seekng®3 1 1 OOET ju€®@dé AT A

O

04 AAET, par $eCay Modern teaching and learning ecesystem catering to the discipline
must respond to these changingexpectations. Young minds must not only bgroomed in the
fundamentals of the art, but also to the fact thatechnology cannot remain isolated from the
society it serves and the environment in which it operates.

The departmentwill continue to focus onimparting fundamental domain knowledge throuch

its core curriculum, responding to the changinglevelopments via offering a vibrant bunch of
electives, and enrichour teaching via cutting-edge research andtechnology development,
working in cross-disciplinary platforms, covering multiple scales. To tlis end, we willcontinue

to be receptive inbroadening ourselves,and be a continuing source of idegsvorking with the

industry for human development, and set highest academic standards for the society.

--000--
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Academic Information

Data for Last Seven Years

Number of Students

Degree vear 2015-16 | 2016-17 | 2017-18 | 2018-19 | 2019-20 | 2020-21 | 2021-22
B. Tech. 388 421 422 448 474 519 561
B. Tech-M. Tech. 38 24 23 28 35 38 34
M. Tech. 94 116 112 135 158 215 197
MS by Research 14 39 31 25 23 32 6
PhD 152 167 180 175 174 194 204
Number of Faculty
2015-16 2016-17 2017-18 2018-19 2019-20 2020-21 2021-22
37 37 36 39 37 38 46
Number of Faculty who left the Department
2015-16 2016-17 2017-18 2018-19 2019-20 2020-21 2021-22
1 1 2 1 0 0 2
Number of Visiting Faculty
2015-16 2016-17 2017-18 2018-19 2019-20 2020-21 2021-22
0 0 1 3 2 0 1
Number of Adjunct Faculty
2015-16 2016-17 2017-18 2018-19 2019-20 2020-21 2021-22
0 0 0 0 1 0 1
Number of Visitors from Academia & Industry
2015-16 2016-17 2017-18 2018-19 2019-20 2020-21 2021-22
34 32 32 25 32 0 03
Number of New courses proposed
2015-16 2016-17 2017-18 2018-19 2019-20 2020-21 2021-22
03 02 01 02 02 0 03
Books / monographs published
2015-16 2016-17 2017-18 2018-19 2019-20 2020-21 2021-22
10 15 06 2 05 04 12
Number of short-term courses conducted
2015-16 2016-17 2017-18 2018-19 2019-20 2020-21 2021-22
09 06 03 06 10 01 05
Number of video/web courses
2015-16 2016-17 2017-18 2018-19 2019-20 2020-21 2021-22
08 10 13 14 14 23 27
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Current Data

Department Facilities : Laboratories and Workshops

Department UGTeaching Labs:

(1) Experimental Stress Analysis Lab oratory

S. No. | Name of the Equipment

1 25 KN servo hydraulic universal testing machine

2 Strain conditioners and data acquisition systems

3 Drop weight testing machine

4 Field Emission Scanning Electron Microscope with EDS
5 Circular polariscope with loading train

Sessions | Name of the Experiments

Application of strain gauge techniques:

1 Lecture on straingaugebasedmethods, Cantilever beam and
Portal frame experiments.

1 Experiment on combined bending and torsion

Applications of photo-elasticity:
1 Demonstration of photo-elastic techniques

1 Calibration of the photo-elastic constant,Determination of the
stress field in a beam under bending.

Applications of Digital Image Correlation:
1 Demonstration of DIC techniques

1 Determination of strain fields in the gauge section of a polymeric
dog-bone specimen under tension.

Applications of DIC:

1 Determination of thermo-elastic stressand strain fields using
DIC
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(2) Fluid Mechanics Lab oratory

The Fluid MechanicsLaboratory supports instructional experiments for undergraduate
students in their second year and postgraduate students in their second semester. The UG
laboratory is integrated with the theory course and the two are connected. Here, the focus is on
measurement of forces, measurement of losses, determination of fluid properties, and
visualizing important phenomena such as hydraulic jumps, shocks, and lamintaurbulent
transition. For postgraduate students, experiments are concerned with measurements in a
boundary-layer and turbulent mixing layer, apart from specialized measurement techniques
involving data acquisition and optical techniques. The list of experiments carried out by
students is presented below.

Undergraduate Lab:

(1) Jetimpact on flat and curved wfaces

(2) Measurement of drag on a circular cylinder in high Reynolds number floienergy
loss measurements in sukcritical and super-critical open channel flow

(3) Measurement of fluid viscosity (oil and air)

(4) Determination of friction factor as a function of Rgnolds number in pipe flow
(5) Studying laminar-turbulent transition for flow in a tube

(6) Boundary-layer flow over a flat plate

(7) Pressure distribution around a circular cylinder in high Reynolds number flow

Postgraduate Lab:

1. Velocity profiles in laminar andturbulent boundary-layers
2. Drag coefftient for a circular cylinder including drag crisis
3. Flow visualization using smoke tunnel and PIV
4

Hot wire measurements in a turbulent mixing layer and determination of relevant
statistics

5. Optical techniques:
a. Interferometry
b. Schlieren
c. Shadowgraph
d. Particle image velocimetry

e. Thermography



IIT Kanpur Department of Mecharical Engineering

(3) Heat Transfer Lab oratory

Heat transfer laboratory is an undergraduate teaching laboratory housing a handful of
experimental setups pertaining to fundamental heat transfer ppblems and their applications.
The experimental setups in this laboratory are a part of the curriculum for thirdyear

N s e o~ oA

below are the experiments performed by the enrollegtudents as part of their course:

1. Unsteady heat conduction:

a. Estimate the heat transfer coefficient for a transient heat transfer
situation from an isothermal working fluid to solid blocks of varied
shapes made of a specific material

b. Determine thethermal conductivity of a material with the help of the
known thermal conductivity and heat transfer coefficient for a
similar shaped block but made of a different material

2. Extended surface heat transfer (forced convection):

a. Determine the temperature distribution along the length of a pin
fin and the average heat transfer coefficient for the fin under forced
convection configuration

b. Compute the effectiveness and efficiency of the pin fin

3. Heat transfer from an extended surface (combined modes of heat transfe r):

a. Establish the temperature distribution along the length of a tip
insulated extended surface and compare with analytical predictions

b. Compute the individual heat transfer coefficients over its periphery
under the influence of both free convection and radtion heat
transfer

c. Determine the thermal conductivity of the rod material using

the observed data and computed heat transfer coefficients

4. Measurement of critical heat flux (pool boiling):

a. Obtain the value of critical heat flux for pool boiling ofvater under
sub-cooled (varied degree of sulrooling) and saturated conditions

b. Compare the experimentally obtained critical heat flux at the

OAOBOAOETI T OAIi DPAOAOOOA xEOE OEAO 1T AOGAET Al
correlation

5. Natural convection from a vertical heated circular cylinder:
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1 Determine the heat transfer coefficient for heat loss via natural convection
from a vertical, uniformly-heated (uniform heat flux) cylinder

1 Compare the experimentally obtained heat transfer coefficient with that
estimated using a suitdle empirical correlation

6. Measurement of emissivity of a grey body:

a. Determine the emissivity of a grey body at various surfacemperatures using a
physically identical, lamp blackcoated body

7. Thermocouple calibration:
a. Make Jdtype thermocouples using a spoetvelding machine
b. Develop a typical calibration curve for a-fype thermocouple using
Fluke FMW 9143 dry well facility
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(4) Material Testing Laboratory

Instruments/Equipment

(a)Universal testing machines

(b)Hardness tester (Brinell, Vickers, RockwelBuperficial Poldi portable, Shore Aand D)

(c)Fatigue tester (Rotating bending, Reverse bending)

(d)Ellipsometer

Laboratory sessions

Sessions

Name of the Experiment

Studies of uniaxial stressstrain behaviour of steel, aluminium, plastic and
elastomer (measurement of axial stress, lateral and longitudinal strains,

1&2 A1 AGOGEA 1EIEOR 9101 CE0 [1AOI OOR ¢
strength, and fracture strength)
Studies of hardness of steel, aluminium, composite, plastic and elastomer b
3 &4 |Rockwell, Brinell, Vickers, Shore A and Shore D methods and its relationshi
xEOE 9101 ¢80 i1 AOI OO
5 Fatigue behaviour of metals
6 Optical constants olhanometer-thick films on a substrate

Total number of laboratory sessions: 06

10
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(5) Manufacturing Science and Technology Lab oratory

The lab supports learning of concepts motivated in the ME361 course through six welésigned
experiments.

List of Experiments

S. No.| Experiment Objective

To measure cutting forces; identifycutting
force coefficients; estimate cutting force
coefficient from estimated chip thickness
ratio; and study influence of cutting speed on
cutting forces.

Obligue cutting and cutting force
coefficient identification

To study the EDM machine and the relevant
measuringsystems. To determine material
removal rate (MRR) and tool wear rate (TWR
during machining of EN8 steel. To measure tl
initial and final out of roundness of the coppe
tool.

2 Electrical discharge machining

To deep draw a cup, and measure: forming

3 Deep drawin X ) ;
P 9 forces, and linear, ara and volumetric strains.

Mechanistic identification of To measure cutting forces and identify the
cutting force coefficients in milling | cutting force coefficients.

To fabricate a threedimensional object using
the fuseddeposition additive manufacturing
5 3D printing + Metrology process (part A), and to its measure
dimensions using a coordinate measuring
machine (part B).

To cast Aluminium in a metal mould. To
measure temperature as the Aluminium
6 Casting solidifies. To evaluate coolingurves. To
prepare samples from the cast piece to
characterize their microstructure.

11
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(6) Vibration and Control Lab

Instruments/Equipment

S. No. | Name of Equipment
1 Oscilloscope
2 Accelerometers
3 Mechanical Shaker
4 Small Shakers
5 Power amplifiers for Shakers
6 Vibration Testing machine
7 Charge Amplifier
8 Function Generator
9 Stroboscope
10 Machinery Fault Simulator
11 Universal Vibration System
12 Drive Train diagnostic
13 Rotor Kit
14 Dual Channel Analyser
15 | Soundlevel Meter
16 Electrodynamic Shaker with amplifier

Laboratory Sessions

Sessions Name of Experiment
1A Study of a Beat Phenomenon of a Coupled Pendulum
Determination of Effective Radius of Gyration of an
1B Irregular Body through Torsional Oscillation of Trifilar

Suspension.

12
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IIT Kanpur
5 Determination of Na‘FuraI Frequencies of B.elams under Simply
Supported and Cantilever Boundary Conditions.
3 Study of Dynamic Vibration Absorber
4 DC Motor Speed Control with Various Sensors
5A Measurement of LineaDisplacement by Potentiometer
5B Speed Torque Characteristics of DC Servomotor
6 Balancing of Ball and Beam System through PID Control
Demo | Active Vibration Control

13
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(7) Energy Conversion Lab

The objective is to keep pace with the receriechnological advancement in the field of Fluid
Mechanics and Gas Turbine.

Experiments:

(1) Two-stages axial flow fan:

Test setup to estimate he performance characteristics of the fan.

Specifications:
1 No. ofstages:2

DesignR.P.M.2400
DesignDischarge:1.7 md/s
DesignPressure:15.0 cm of water
No. of statorblades:37

No. of Rotorblades:24

= =/ =4 A -4

(2) Impulse Turbine

A smallscale hydro power unit designed to demonstrate the principles of operation and to
evaluate the characteristics of a Peltoturbine. Equipped with electronic measurement sensors
for inlet pressure, rotational speed and break force PC controlled data processing.

Specifications:
1 70 mm diameter, 10 buckets rotor

1 4.5mm diameter nozzle

1 Adjustable spear valve

(3) Serial and Parallel Pump : A smallscale series/parallel centrifugal pump to find
the pump characteristic in serial and parallel mode. Equipped with electronic
measurement sensors for pump differential. pressure, flow rate, temperature and
rotational speed. PC contrdéd data processing via the IFD6 interface console.

(4) High Speed Centrifugal Compressor : Multi-stage centrifugal compressor to
evaluate effciencyand performance characteristics. Sensors for inlet and exit
temperature, flow rate, speed and power.

(5) Rankine Cycler: A steamelectric power plant including components such as a
multi -pass boiler, axial flow steam turbine, AC/DC generator and a condenser
tower to evaluate the thermal efftciencyand output.

14
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Specifications:
9 Boiler: Pressure 120 psi (827Pa), Temperature 482F (250°C)
1 Generator: 15.0 Volts, 1.0 Amp (Total Load of 15.0 Watts)
1 Fuel: Liquid Petroleum
1 Digital: High Speed Data Acquisition System

(6) Performance study of Four -stroke compression ignition engine

(7) Cascade Tunnel:

Variableincident mechanism
End and side wall bleed
Low inlet turbulence level
Variable speed motors

Five identical blades

1 End passage bleed

= =4 4 4 2

Specifications:
9 Test sectionsize:610 mm x 230 mm
1 Test sectionvelocity: 20 m/s
9 Cascade inlet flonangle:0° to 43°

15
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(8) UGCae Laboratories (Operated by ME Department)

w The Technical Arts (TA) 101 Lab

The Technical Arts (TA) 101 Laboratory caters to the first year B. Tecktudents of IIT
Kanpur from all disciplines of Engineering and Sciences. Basic Engineering Drawing is
taught in TA 101 as a Core Course. About-IB3 sessions, each of three hours, are held in
the Laboratory. Around 850 students use the lab throughout thgear, and close to 425 each
semester. Using the conventional, papgrencil approach, students solve problems on
Orthographic, Axonometric, Oblique and Perspective projections, Section Drawing, Lines
and Planes and their interactions, Auxiliary views, intesection and development of solids.
The laboratory also has numerous physical models to demonstrate a variety of concepts on
Engineering Drawing. The laboratory holds two exams per semester. Every semester, a
group of students is divided into 12 batches and Tutor (Faculty member/a senior student)

is assigned to each batch. Two Teaching Assistants are assigned to each Tutor. The
instructor who delivers lectures also manages the entire course. This model, used
generically, for all Core courses within the instute has been very successful over many
years. The AutoCAD Lab, which can accommodate around 100 students at a time, is also a
part of the TA 101 Laboratory. Herein, students learn the basics of engineering Drawing via
the AutoCAD software.

w TA202A Lab

TA202A is a core course for all secongear undergraduate students. The course is lab
based, with three hours of lab exercises a week to support one hour of classroom
instruction a week. Since the course is about secondary manufacturing processes, the labs
are designed to introduce students to traditional machining processes, which forms a large
part of the family of secondary manufacturing processes. Main activity in the labs include
students working in groups to conceive a project, design it, manufactunés parts, and
assemble it. As part of training the students for them to work independently on their
projects, the students learn how to operate manual turning, milling, and drilling machines.
Students also get trained to operate CNC machines. That traigimcludes training on CAD
and CAM. Of late, students have also been encouraged to use 3D printed PLA parts within
their designs. And, for this, they are also trained to use 3D printers. In addition to 3D
printing, students also get trained on motor contrd using Arduino boards that they must
integrate into their projects. Fourteen trained and skilled staff members mentor students
through to completion of their respective projects.

16
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List of Machinesin TA Laboratory (not comprehensive)

S. No Type of Machine Qty. Specification and Power

1 Lathe M/C, LB 17 HMT 01 | St. Bed 1000 Length 350 swing 7 kW
2 Lathe M/C, LB20 Gap Bed 01 | St. Bed 1500 Length 450 swing, 7 kW
3 | Lathe M/C Qetcos 05 | St. Bed 800 Length 420 swing, 3.5 kW,
4 Lathe M/C Kirloskar 02 | St. Bed 800 Length 350 swing 2.2 kW
5 Lathe Craft Master HMT 01 | St. Bed 1000 Length 350 swing, 2.2 k\
6 | Lathe Craft Master 06 | St. Bed 800 Length 350 swing, 2.2 kW,
7 Lathe Enterprises 03 | St. Bed 800 Length 350 swing 2.2 kW
8 Universal Milling M/C HMT M2U , 03 Longitudinal 650 X Cros225 X Vertica

M2PU, HMT 350, 5.5 kW

Lathe HiCut Universal Milling BFW -

L X 260 XV 20 5.

9 | with Vertical & Rackcutting 01 kVE\B/OO Cross 260 X Vertical20 5.5

attachment with DRO
10 Vertical Milling M/C HMT Tool 01 | 650 X225 X 350

Cutter

Grinder HMT with Surface
11 Cylindrical grinding attachment 01| GCT287

Drilling M/C with PIV Drive F - - -
12 CLAUSING 20 06 | 20-inch Capacity 30 mm drill capacity
13 | Radial Drilling M/C ADM 32 02 | 850 Max drill s capacity 50mm

17
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Band Saw M/C100-V2 with VFD

14 drive 03 | Cutting Range 100 X 100 Ht. 100mm

15 | Hydraulic Power Sawwith power | 03 | Max 250 diameter can be cut
Pack PSB 250 U

16 | Surface Plate 500 X 500 02 | --

17 CNC LatheConceptTurn 105,155 42 | X100, Z300 Power 2.8 KW control
with Interchangeable _Control Fanuc 21 and Siemens 820D
Fanuc21 andSinumeric
Concept Mill CNQMilling X .

L control Fanuc 21 and Siemens 820£

18 | 105,155with interchangeable 02 300, Z, 300 Y150 Power 2.8 KW
control

19 | CNC Machining Centre Mill 250 | 01 | X-350, Y-250, Z 330 with fourth Axis

20 Off line Class Roorieaching 10 | Simulation with original Key board
Software for 10 Persons

21 | 3D printers 15 | Ender 3D
Arduino boards (Uno) and kit. Kit

22 | includes motors, theirdrivers, 60

cables, SMPS and battgssupply.

18
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Space for PhD students

There are about 2@ plus PhD students and every student is given one desk in the department.
Many students who are involved in experimental work, prefer seating arrangement in their
respective research laboratory space itself.

Additionally, the department has now created exclusie sitting arrangement for PhD students
in the manufacturing laboratory and a separate new facility behind NL lab (28 seatsgs shown
below.

19
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Degrees and Disciplines offered by the department

B.Tech-M.Tech
Dual Degree

Degrees
B.Tech
Disciplines
Mechanical A
Engineering ears

Other Proposed Degrees:

approx. 5 Years

M.Tech

2 years

MSR

2 years+

1. B.Tech.(Hons): 4 years, B.Tech + additional credit requirement

Ph.

D

4 Years+

2. B.Tech.(Management): 4 years, B. Tech + replacement credits from Management
Science

Course Details: B. Tech. Degree Program:

FIRST | SECOND| THIRD | FOURTH | FIFTH SIXTH | SEVENTH| EIGHTH
SEMESTER SEMESTER SEMESTER SEMESTER SEMESTER| SEMESTER SEMESTER SEMESTER
ENHGSIS}fA/ CHM101A | ME251A HSS1 HSS2 HSS2 HSS2 HSS2/DE
atee 0-0-3-0(03) | 1-0-2-0(05) | 1-0-2-0(05) | 3-0-0-0(9) | 3-0-0-0(9) | 3-0-0-0(9) | 3-0-0-0(9)
-1-0-0(11)
LIF1I01A | CHM102A | ESC201A | ESO202A | ME301A DE DE DE
2-0-0-0(06) | 2-1-0-0(08) | 3-1-3-0(14) | 3-1-0-0(11) | 2-0-0-0(06) | 3-0-0-0(9) | 3-0-0-0(9) | 3-0-0-0(9)
UGP3/
MTHIOIA | ESCIOIA | ESO201A | ESO203A | ME321A | ME341A | ME401A | OPS
3-1-0-0(11) | 3-1-3-0(14) | 3-1-0-0(11) | 3-1-2-0(13) | 2:0-1-0(7) | 3-0-10(10) | 3-0-10(10) | (' g ot
UGP2/
PE101A | MTH102A | ESO209A | HSS1 OE MEdsiA | HOPY | MEd61A
0-0-0-0(03) | 3-1-0-0(11) | 3-1-0-0(08) | 3-1-0-0(11) | 3-0-0-009) | 2-1-0-0(8) | 30 00g) | 3-0-0-0(0)
MSO202A
PHY101A | PE102A | 3-1-0-0(06) | ME22A ME352A | ME354A OE OE
0-0-3-0(03) | 0-0-0-0(03) | MSO203B | 2-1-0-0(08) | 2-0-1-0(7) | 3-0-1-0(10) | 3-0-0-0(09) | 3-0-0-0(09)
3-1-0-0(06)
PHY102A 31-| PHY103A ME231A | ME361A OE OE/DE OE
0-0(11) | 3-1-0-0(11) 3-0-1-0(10) | 3-0-1-0(10) | 3-0-0-0(9) | 3-0-0-0(9) | 3-0-0-0(9)
UGP4
TAL01A TA201A | TA202A | ME399A |UGP/ME398 0%
2-0-3-0(09) 1-0-3-0(06) | 1-0-3-0(06) | 0-0-0-2(02) | 0-0-0-4(4) 0-99)

Note: Besides the UG core and UG departmental compulsory courses, students take advanced elective
courses from within the department and outside the department. The breakdown is

1. Minimum 42 credits of Departmental Electives

2. Minimum 54 credits of Open Electives (outside the department)

3. Minimum 49 credits on Humanities and Social Sciences.
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Number of courses offered
UGCore UG Dept PG

13 18 77

UG Compulsory Courses *:

Code Course Title Code Course Title
TA101* ENGINEERING GRAPHICS TA201* MANUFACTURING PROCESSES |
TA202* MANUFACTURING PROCESSES I ESO201* | THERMODYNAMICS
ESO202* | MECHANICS OF SOLIDS ES0O203* | INTRODUCTION TO ELECTRICAL ENG
ESO209* | DYNAMICS ME222 | NATIRE AND PROPERTIES OF
ME231 FLUID MECHANICS ME251 ENGG. DESIGN AND GRAPHICS
ME301 ENERGY SYSTEMS ME321 ADVANCED MECHANICS OF SOLIDS
ME341 HEAT AND MASS TRANSFER ME351 DESIGN OMACHINE ELEMENTS
ME352 ;\r/llli?iIIQI\TEgF MECHANISMS AND ME354 VIBRATION & CONTROL
ME361 !\rﬂggﬁﬁgfgngG SCIENCE AND ME401 ENERGY SYSTEMIS
ME451 BTECH PROJEAT ME452 BTECH PROJEAT
ME461 MANUFACTURING SYSTEMS ME398 UG PROJECT 1
ME498 UG PROJECT 4

*Apart from the above -mentioned courses UG students need to take several UG Core courses in
Mathematics, Physics, Chemistry and Physical Education offered by respective departments.

Courses open for other departments

uG PG
4 68

Minors offered (Any three courses from the basket)
Minor Name Course 1 Course 2 Course 3 Course 4

Manufacturing| Casting and

Sciences | Solidification | ©lomems CAD CAM
Computational Applied -
Techniques in CFD Numerical CAD S?rilourre{f}gzs

ME Methods
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uG

Masters

PhD

12

155

190

Credits required for various programs

Program Name

Course Credit

Thesis Credit

B.Tech 425 0
BT-MT Dual 425 72
M. Tech 72 72
MSR 54 90
PhD 36* 144

*Students without a master degree need to gather 54 more course credits

Staff strength
Technical Staff Office Staff
24 02
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Student Placement Data (2015 -2021)

Year B. Tech. BT-MT Dual
Registered | Placed | Core | Non-Core Registered Placed | Core | Non-Core
2015-16 43 30 N/A N/A 32 30 N/A N/A
2016-17 59 41 N/A N/A 37 34 N/A N/A
2017-18 51 41 11 30 24 24 13 11
2018-19 56 48 12 36 26 26 12 14
2019-20 74 63 13 50 29 29 9 20
2020-21 60 49 11 38 15 13 4 9
2021-22 93 89 8 81 24 24 10 14
Vear M. Tech. MSR
Registered | Placed | Core | Non-Core Registered Placed | Core | Non-Core
2015-16 23 12 N/A N/A 0 0 0 0
2016-17 24 20 N/A N/A 0 0 0 0
2017-18 50 42 31 11 0 0 0 0
2018-19 32 22 16 6 3 3 1 2
2019-20 36 23 15 8 5 4 2 2
2020-21 54 26 20 6 8 2 2 0
2021-22 94 74 36 38 19 14 5 9
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Placement of PhD Students (2015 -2021)

Number of PhD students graduated : 165
Placement information available : 145
# Roll No. Name Advisor #1 Advisor #2. #3 Status
Research Scientist,
1 |Y9205062 |REKHA RAJA Dr. Ashish Dutta Dr. B. DasguptqdWageningen University,
Netherlands
Assistant Professor, BITS
2 1Y9205061 ABHISHEK Dr. Ashish Dutta Pilani, Hyderabad
SARKAR ;
Campus, India
HUSAIN Dr. Anindya Assistant Professor,
3 11205063 KANCHWALA Chatterjee CART, IIT Delhi
. Assistant Professor
SAURABH Dr. Anindya : oo
4 112105178 BISWAS Chatterjee Mechanical Engineering,
IIT Jammu
Dr. Anindya Visiting NARI (an NGO in
5 |14205266 |SANKALP TIWAR Chatterjee Phaltan, Maharashtra)
Assistant Professor,
6 [13205062 |ARINDAM Dr. Anindya ¥Ihe§ h:rnllﬁiiirt]g Igfe o
BHATTACHARJEI Chatterjee par in
Engineering and
Technology
7 110205067 DIGENDRA NATH Dr. Anurag Gupta Scientist, VSSC, ISRO
SWAIN
8 |Y9105101 |ANUP BASAK |Dr.Anurag Gupta Assistant Professor, IIT
Tirupati
AYAN Simons Fellow, NCBS
9 |10205063 ROYCHOWDHUR Dr. Anurag Gupta Bangalore
SATEESH KUMAF . Research Engineer, IIT
10 |13105174 YADAY Dr. Arvind Kumar Kanpur
. Assistant Professor, SRM
11 |12105168 JITENDRA KUMA Dr. Arvind Kumar Dr. S“Je?t Institute of Science and
KATIYAR Kumar Sinha .
Technology, Chennai
Postdoctoral Fellow,
12 14105294 |VIKRAM SONI Dr. Arvind Kumar |Dr. V.K. Jain |University of Toronto,
Canada

26



IIT Kanpur Department of Mecharical Engineering
Assistant Professor,
RAJESH KUMAR . Thapar Institute of
13 |11205066 SHUKLA Dr. Arvind Kumar Engineering &
Technology, Patiala
14 16105263 |ALOK KUMAR  |Dr. Arvind Kumar Project Postdoctoral
Fellow, IIT Kanpur
Lecturer, Centre for
AdvancedStudy, Abdul
15 |13205069 |JITENDRA KUMA|Dr. Ashish Dutta Kalam Technical
University, Lucknow,
India
Lecturer, Centre for
16 14105269 |CETELEY TEKA | hshish Dutta Advanced Study, KTU,
HAILU
Lucknow
ANIRBAN . Dr. Girijesh .
17 (13105161 CHOWDHURY Dr. Ashish Dutta Prasad Lecturer, UniEssex, UK
Project Engineer, Dept. of
18 [16105278 |SHUBHI KATIYARDr. Ashish Dutta Electrical Engg., IIT
Kanpur
AKHILENDRA Dr. Avinash Kumar Assistant Professor at IIT
19 110105129 PRATAP SINGH |[Agarwal BHU, Varanasi
Dr. Avinash Kumar Associate Professor at
20 (11105165 |JAI GOPAL GUPT], Women Engineering
Agarwal : .
College, Ajmer, Rajasthatr
21 112105175 RAJESH KUMAR |Dr. Avinash Kumar ASS|stant_Prof_essor at _
PRASAD Agarwal ICFAI University, Ranchi
22 113105171 INIKHIL SHARMA |P'- Avinash Kumar AssistantProfessor at
Agarwal MNIT Jaipur
23 (12105186 |VIKRAM KUMAR Dr. Avinash Kumar | Dr. Sujeet ProjectEngineer at ERL,
Agarwal Kumar Sinha [lIIT Kanpur
PATEL Assistant Professor at S.
24 110105143 |CHETANKUMAR Dr. Avinash Kumar D_r. N:_;\chlketa N. Patel Institute of
Agarwal Tiwari Technology and Researcl
PRATAPBHAI . !
Centre, Bardoli, Gujrat
25 13105166 |GAURAV MAURY|D" Basant.al Postdoc in IS¢
Sharma
Dr.C.S .
26 |Y7105073 |RAVI DALMEYA |Dr. Ishan Sharma Joined 3dPLM Software
Upadhyay
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Post-doc scholar at
PRASAD
27 |12105182 |RANGANATH  |Dr. Ishan Sharma |DF: Javant —Department of Earth
Kumar Singh |Sciences, Osaka
SONAR ) :
University
Dr. Javant Associate Professor,
28 |Y8205062 |ASHISH BHATEJADr. Ishan Sharma - ayar Mechanical Engineering,
Kumar Singh
IIT Goa
Senior ProjectEngineerat
29 |11105173 |VINEET NAIR  |Dr. Ishan Sharma |Dr. V. Shankar |DePartmentof
Mechanical Engineering,
IIT Kanpur
VENUGOPAL Dr. Pankaj Fluidyn Consultancy Pvt
30 10105149 | q\yami punaTi |Pr-Ishan Sharma -y Ltd. Bangalore
ABHINAV .
31 |10205061 |RAVINDRA Dr. Ishan Sharma girr'] Shhgklj' i Bﬁf\fe?;fsg??\:ica da. US
DEHADRAI gh Sup y !
Or T Assistant Professor,
32 14105271 |DEEPAK SACHANDr. Ishan Sharma . School of Engineering, ]
Muthukumar .
Mandi
Bisheswar Air Force Lieutenant
33 10105134 Dr. J. Ramkumar Commander, Indian Air
Choudhary
Force
34 114105274 GAGANPREET Dr. J. Ramkumar Postdoc Sweden
SINGH
35 (16105280 |VYOM SHARMA |Dr. J. Ramkumar Post doc IIT Bombay
36 |14205267 |SHASHANK Dr. J. Ramkumar | 2" S- Anantha Post doc University of
Ramakrishna |Texas
LEELADHAR . Assistant Professor, NIT
37 (12205069 NAGDEVE Dr. J. Ramkumar |Dr. V.K. Jain Delhi
SYED NADEEM Dr. S. Anantha . .
38 |10205066 AKHTAR Dr. J. Ramkumar Ramakrishna Dean, Integral University
39 (14112261 |S Kiran Kumar Dr. J. Ramkumar Post doc IITHyderabad
40 (16112261 |Arun Rajput Dr. J. Ramkumar Post doc IIT Kanpur
41 13104177 |KrshnaKumar 5 5 oo iumar Assistant Engineer KESC
Singh Tomar
42 (14212262 Alay B S Dr. J. Ramkumar Post doc South Korea
Vardhaman

28



IIT Kanpur Department of Mecharical Engineering
. . Raman Fellow, Post doc
43 15112264 |Pragya Tripathi |Dr. J. Ramkumar ISC Bangalore
44 12112064 g:ﬁ‘l’(":mh Kumar 15, 3. Ramkumar Post doc North Carolina
45 116105273 |MAHAVIR SINGH|Dr. J. Ramkumar Post doc IIT Bombay
Dr. Jishnu
46 (14105281 |MANMEET SINGH Not yet defended
Bhattacharya
Working In Energy
Dr. Jishnu Systems R&D division of
47 114105286 |PUNEET JINDAL |_,’ Mabhindra Electric
Bhattacharya e
Mobility Limited,
Bangalore
MANOJ KUMAR (Dr. Jishnu Postdoc in Rice
48 116205268 SHARMA Bhattacharya University, USA
49 13105162 ARIHANT Dr. Jishnu Dr. Rajganesh [Postdoc in University of
BHANDARI Bhattacharya Pala Southampton, UK
Faculty, Department of
50 116105118 Daniel Adamu Dr. Kamal K. Kar Mechanlcgl Englneerlng,
Fentahun AssosaUniversity,
Ethiopia
VIKESH SINGH Dr. Prabhat Postdoc at Dancook
51 113115066 BHADOURIA Dr. M. Jaleel Akhtar Munshi University, South Korea
PAWAN KUMAR |Dr. Malay Kumar Project Postdoctoral
52 113105172 PANDEY Das Fellow, IIT Kanpur
Dr. Malav Kumar Assistant Professor AJ
53 [11105175 |Jithin M Da.s y Dr. Ashoke De |College of Engineering,
Kerala
Dr. Malav Kumar Postdoctoral Fellow,
54 111105163 |BABUR ' y Helmholtz Zentrum
Das .
Berlin
Postdoc at theFraunhofer
55 15205266 GOVIND Dr. Mohit Law g/xu Igrggrg]at?g IGSTC
NARAYAN SAHU [~ bp y
Industry postdoc
fellowship
56 |10215062 |DINKAR VERMA |Dr. Pankaj Wahi | Dr. M.S. Kalra | -2CUlty at GD Goenka,
Gurgaon
ASHOK KUMAR . . Assistant Professorat NIT
57 [Y9105102 MANDAL Dr. Pankaj Wabhi Jamshedpur
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Assistant Professorat

58 (11105176 |SANTANU DAS |Dr. Pankaj Wabhi IIEST, Shibpur
Postdoctoral Fellow at
59 |11205071 SUNIT KUMAR Dr. Pankaj Wabhi Virginia Tech, Blacksburg
GUPTA
USA
60 (16105275 |PRITAM BARI Dr. Pankaj Wahi Dr. Mohit Law |Postdoc at IIT Delhi
Assistant Professor at J K
61 (11205073 |ANISH KUMAR |Dr. Pankaj Wabhi Dr. Sovan Das |Laxmipat University,
Jaipur, Rajasthan, India
ASHISH Dr. Partha S. Assistant Professor, MITS
62 110205062 AGRAWAL Ghoshdastidar Gwalior, M.P.
ATINDER PAL Dr. Partha S. .
63 |14105268 SINGH Ghoshdastidar Postdoc at IIT Delhi
DEEPAK KUMAR .|Dr. Amitava Postdoc at University of
64 (13115061 YADAVY Dr. Prabhat Munshi Gupta Trento, Italy
MAYANK .|Dr. Anupam Assistant Professor, IIT
65 [Y9115062 GOSWAMI Dr. Prabhat Munshi Saxena Roorkee
SATYA PRAKASH .|Dr. Chris MSCA fellow at PISA
66 (11115061 SARASWAT Dr. Prabhat Munshi Allison University
Dr. Om Pal
67 (13115062 MADHUSREE Dr. Prabhat Munshi|Singh, Dr. K. |Postdoc at lITMadras
SARKAR
Velusamy
KAVITA .|Dr. S. Postdoc at Texas A & M
68 |11215061 | o ATHORE Dr. Prabhat Munshi| gy 2 charjee |University USA
.|Dr. Arun .
69 (10105145 |SANJEEV KUMAHRDr. Prabhat Munshi Postdoc at IIT Delhi
Kumar Saha
Asst. Professor, National
70 (10105139 |MANOJ KUMAR |Dr. Prakash M. Dixit Institute of Technology
Jalandhar
71 |13215062 |GAURAV MISHRA [T)rri'pif‘hcih‘:h'da”a”d Postdoc IRSN, France
MAHESH KUMAR Dr. Sameer .
72 111205064 YADAV Khandekar Faculty, PEC, Chandigarh
Dr. Sameer Senior Research
73 |11205068 |VYAS S ' Engineer, Dassault
Khandekar 2.
Aviation, France
RAM KRISHNA |Dr. Sameer Faculty, Uttarakhand
74 13205078 SHA Khandekar Technical University
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MANEESH Dr. Sameer
75 (14105280 PUNETHA Khandekar PostDoc Scholar, Swede
PostDoc Scholar
ANKUSH KUMAR|Dr. Sameer : . ;
76 (17205262 JAISWAL Khandekar Cranfield University, UK
(selected)
BALKRISHNA Dr. Sameer _
77 |Y7205061 MEHTA Khandekar Faculty, IIT Bhilai
Dr. Sameer Raman PostDoc
78 |13105173 |PREM KUMAR ' Fellowship, lISc,
Khandekar
Bangalore
SANJEEV KUMAR Postdoc in Newcastle
79 114105288 GHAI Dr. Santanu De University, UK
Senior Research
80 (15205272 |SAURABH GUPTADr. Santanu De Engineer, Donaldson
Company
81 114105264 |AMIT KUMAR RAI Dr. Shakti Singh Asglstant Professor, NIT
Gupta Calicut
Assistant Professor,
82 10105131 |ANKUR GUPTA |DI- Shantanu Departmentof
Bhattacharya Mechanical Engineering,
IIT Jodhpur
VINAY KUMAR |Dr. Shantanu Professor, GBPIET,
83 110105150 PATEL Bhattacharya Ghurdauri, Pauri
Dr. Shantanu Post-Doctoral Research
84 (13205080 |SANJAY KUMAR ’ Associate, National
Bhattacharya ) . ,
University of Singapore
Dr. Shantanu Post-Doctoral Research,
85 (14105276 |GEETA BHATT ’ TCIP Pvt. Ltd.incubated
Bhattacharya
@ IIT Kanpur
Assistant Professor,
POONAM Dr. Shantanu Department of
86 14105285 SUNDRIYAL Bhattacharya Mechanical Engineering,
IIT Kharagpur
C.V. Raman Fellow, India|
PANKAJ SINGH |Dr. Shantanu N \ . :
87 14205263 CHAUHAN Bhattacharya Dr. Niraj Sinha |Institute of Science,
Bangalore
Assistant Professor,
Dr. Shantanu Department of
88 |Y8105088 | RISHI KANT Bhattacharya Mechanical Engineering,
HBTI, Kanpur

31



IIT Kanpur Department of Mecharical Engineering
PostDoctoral Research
KAPIL Dr. Shantanu . ’
89 114205262 MANOHARAN Bhattacharya TCIP Pvt. Ltd., incubated
@ IIT Kanpur
90 11205072 |VIJAY KUMAR PA Dr. Sounak Kumar Faculty member in [IT
Choudhury Jammu
ANAND PRAKASHDr. Sounak Kumar Postdoc in China
91 |12los1es DWIVEDI Choudhury (selected)
Dr. Sounak Kumar Faculty member in
92 113205071 |KASHFULL ORRA Choudhury IIITKDM Kanchipuram
MUHAMMED  |Dr. Sounak Kumar Faculty member in
93 (15105273 MUAZ Choudhury Allgarh Musllm
University
DESAI Dr. P. Associate Professor, Mec
94 |Y8105083 |CHAITANYA Dr. Sumit Basu Venkitanaraya |Engg, CK Pithawala
KIRITKUMAR nan College of Engineering
Patent Agent, Crescent
95 |Y7105079 |V.SUDARKODI |Dr. Sumit Basu Innovation and
Incubation Council (CIIC)
Team LeadMaterials
96 |Y7205067 BRUNDA RAG Dr. Sumit Basu Engineering Group, Saint
KATTEKOLA .
Gobain Research, Chenn
Dr. Shantanu Assistant Professor,
97 12105167 |GURU PRASAD T|Dr. Sumit Basu ' Manipal Institute of
Bhattacharya
Technology
PostDoctoral Researcher
ARPIT KUMAR )
98 |13205063 SRIVASTAVA Dr. Sumit Basu Slo_vak Academy of
Sciences
PostDoctoral Researcher
MAYANK . ) ;
99 (13205072 CHOUKSEY Dr. Sumit Basu Unlv_ersny of Texas at
Austin
Dr. P. AssistantProfessor,
100 |12105179 SAYYAD MANNAL Dr. Sumit Basu Venkitanaraya |AISSMS College of
MOULA ; .
nan Engineering, Pune
MOHAMMAD Assistant Professor,
101 |12105170 |RASHID ZAFAR |Dr. Sumit Basu Aligarh Muslim
ANSARI University
Dr.J Faculty member at BITS
102 {13105165 |DIVYANSH PATEIDr. V. K. Jain C Pilani (presently in
Ramkumar .
Germany on Fellowship)
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Assistant Professor,

ABDULLAH . X ;
103 {12105161 YOUSUE USMAN Dr. K. Muralidhar Allgarh _l\/Iushr_n
University, Aligarh
SHIRSATH , Dr. RajGanesh |Postdoctoral Fellow, IIT
104 [12105166 GANESH BAPU Dr. K. Muralidhar Pala Delhi
KRISHNA . Postdoctoral Fellow, IIT
105 [12205068 CHANDRAN Dr. K. Muralidhar Palakkad
RAGHVENDRA . Dr. Malay Postdoctoral Fellow, IIT
106 12205070 PRATAP SINGH Dr. K. Muralidhar Kumar Das Bombay
SUPRIYA : Dr. RajGanesh [Employed on a sponsorec
107 [14105292 UPADHYAY Dr. K. Muralidhar Pala project, IIT Kanpur
Senior Lecturer
SOMWANSHI o ’
108 [12105181 |PRAVEEN Dr. K. Muralidhar Eﬁ'ai"é?f;r S‘r’];@srg'tmk@t\f‘é;birsk
MOHANRAO TSIy, '
Russia
NARENDRA Assistant Professor
109 |Y8105084 |LAXMAN Dr. K.Muralidhar Dr. V. Eswaran MANIT Bhooal !
GAJBHIYE P
110 | 10102070 | YOGESH NIMDE(Dr. K. Muralidhar | OF Y09esh M. Assistant Professor, IIT
Joshi Jammu India
. PostDoctoral Fellow at
111 |16105274 |OMPRAKASH - Dr. Nalinaksh S. Royal KTHinstitute,
YADAV Vyas
Stockholm
DALAWAI . Assistant Professor, BMS
112 (10105136 |PRASHANTH \E;r'a ';'a"”akSh S Eirs'h'\(')'rg" College of Engineering,
BEERAPPA y Bangalore
Assistant Professor,
113 |Y7105069 MOHAMMED Dr. P. K. Panigrahi College of EnggShagra
ASFER . . . .
University, Saudi Arabia
SUNIL KUMAR Dr. Pradipta K. .
114 115205273 SAROJ Panigrahi PDF, IIT Mumbai
BHARTI Dr. Arun Kumar Dr. Mala PostDoctoral Research
115 (11105164 |OMPRAKASH Sa.ha Ku.mar Dés Associate, Dept of Civil
SETOORAM Engg., lITKanpur
116 111205062 |GAURAV SAXEN; Dr. Arun Kumar CFD Engineer, Siemens
Saha India, Gurgaon
Assistant Professor, Dept
117 111205069 SACHIDANANDA |Dr. Arun Kumar of Mech Engg.. IIT

BEHERA

Saha

Hyderabad
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Assistant Professor, IIT

118 |14105262 |Ajay Bhandari Dr. Niraj Sinha ISM Dhanbad
Postdoctoral Fellow,
119 |14105279 |KARTIKEYA DIXI1Dr. Nlraj Sinha Mission Hridyantra, IIT
Kanpur
Assistant Professor
RAGHUBEER o ; ; '
120 [13205076 SINGH BANGARI Dr. Niraj Sinha Grqphlc_ Era Hill
University, Dehradun
Dr. Arun Kumar Assistant Professor, Dept
121 {10105144 |RAMESH ERELLI| . of Mech Engg., KITS
Saha
Warangal
Postdoctoral Fellow,
122 |14105279 |KARTIKEYA DIXI1Dr. Nlraj Sinha Mission Hridyantra, IIT
Kanpur
Assistant Professor
RAGHUBEER o . ; '
123 {13205076 SINGH BANGARI Dr. Niraj Sinha Grqphlc_ Era Hill
University, Dehradun
Assistant Professor, L. N
SERVESH KUMAIDr. P. Mittal Institute of
12410105146 AGNIHOTRI Venkitanarayanan Information Technology,
Jaipur
Dr. P Research Assistant
125111205067 |RAVI SANKAR H Vénkitanara anan Professor, University of
y North Texas, USA
Assistant Professor,
126 |11205070 SANAN HUSAIN | Dr. PI United Arab Emirates
KHAN Venkitanarayanan . .
University, UAE
127 (10105132 |ANSHUL FAYE |P" P Dr. Sumit Basu| ~\SSistant Professor, IIT
Venkitanarayanan Bhilai
SHARMA ANKUSI|Dr. P. Dr. Rajesh Postdoctoral fellow, IIT
128111105162 PUNAMCHAND |Venkitanarayanan |Kitey Madras
Doctor of Philosophy,
Technische Universitat
SHASHWAT . Dr. Mahendra . N
129 [16205274 BHATTACHARYA Dr. Anirban Guha Kumar Verma llmenau | TUI - Irjstltut far
Thermo- und Fluid-
dynamik
ARUN KUMAR |Dr. Bishakh Shell Technology Centre,
13013205065 SHARMA Bhattacharya Bengaluru
JITENDRA Dr. Bishakh Assistant Professor, HBTI
131113205068 BHASKAR Bhattacharya Kanpur
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- AOEA 3 Eindi
Postdoc Fellow,

RUPAL Dr. Bishakh SMARTA4.0 Fellow at
132114205265 SRIVASTAVA Bhattacharya CONFIRM Smart
Manufacturing (SFI),
Limerick, Ireland
133 115105269 |MANISH PANDEY Dr. Bishakh Deputy Director, RDSO
Bhattacharya Lucknow
134 13205079 |SAHIL KALRA  |DI- Bishakh Assistant Prof., IIT Jamml
Bhattacharya
Dr. Bishakh Postdoctoral Associate at
135 {15205262 |ANKUR DWIVEDI|,’ the University of Exeter,
Bhattacharya ) )
England,United Kingdom
136 | 12205065 DEV PRAKASH |Dr. Nachiketa Dr. Avinash K. |Assistant Professor,
SATSANGI Tiwari Agarwal Uttarakhand University
137 112105183 |SREEJITHV S D_r. Nf_:lchlketa Po_st—DoctoraI Fellow,
Tiwari Univ. of North Texas
138 12205071 |RAHULOORATH |DF- Nachiketa Manager, CEAT
Tiwari Corporation
PARITOSH Assistant Professor, BIT
139 110105142 MAHATA Dr. Sovan lal Das Mesra, Ranchi
Professor & Dean
MURALEEDHARA (Admin), MAR BASELIOS
140 |Y9105105 N NAIR K Dr. Subrata Sarkar College ofEngineering
and Technology, Kerala
Associate Professor, CMH
141 |Y8205064 |HARISH BABU |Dr. Subrata Sarkar Institute of Technology,
Bengaluru
142 |¥9105100 |K. ANAND Dr. Subrata Sarkar Assistant Professor at
Sastra University
SIVA PRASAD A . Assistant Professor,
143 |Y8105089 S Dr. Sumit Basu IITDM Kancheepuram
Post doc, Department of
144 1Y9105104 K. SANDEEP Dr. V. Eswaran Dr. M. K. Vermg Applied Mathematics,
REDDY ) .
University of Leeds.
Assistant Professor,
145 |Y7105076 DIRBUDE SUMER Dr. V. Eswaran Dr. AKushari |National Institute of

BHARAT

Technology Calicut
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Research & Development (Data for past seven years)

Graduate Research Laboratories

Department of Mechanical Engineering
Indian Institute of Technology Kanpur
Kanpur (UP) 208016

Engine Research Laboratory

Laboratory Coordinator: Dr Avinash Kumar Agarwal

List of Major Equipment:

1
1

E I

=4 =4 -8 -8_8_9_9_92_-9_29_-29_-9_-92_-29_-24_-24_-9_-29_-2°_-4_-93_-2

Single Cylinder Optical Research CRDI Engine with AC Dynamometer (AVL, Austria)
Single Cylinder Optical Research GDI Engine (SCORE) with AC Dynamometer
(EngineTech, Korea)
Two Cylinder Engine for Diesel HCCI Experiment.
Single Cylinder Engine for Laser Ignition of CNG and Hydrogen.
Single Cylinder Engine for Combustion Endoscopy.
Tata Safari Dicor (iters) CRDI Engine with Eddy Current Dynamometer (300 HP; Tata)
Tata Safari Dicor (2.2 Liters) CRDI Engine with Eddy Current Dynamometer (300 HP;
Tata)
WagonR Gasoline PFI Engine with Eddy Current Dynamometer (80 kW; Maruti)
Two-Wheeler Chassis Dynamoseter up to 150 kmph (Dynomerk, India)
Two-wheeler Transient Engine Dynamometer (Dynomerk, India)
Transient Dynamometer for HeavyDuty Engine (75 KW) (Dynomerk, India)
4-Cylinder Genset, 140 kW (Cummins)
2-Cylinder Genset, 15 kW (Caterpillar)
High Speed 8hannel Combustion Data Acquisition System (Hiechnique, USA)
High-Speed Combustion Analysis System (Indimart, AVL, Austria)
High-Speed Combustion Analysis System (@d&ox, Kistler, Switzerland)
SPC Smart Particle Sampler (SPC 432 AVL, Austria)
FTIR Emésion Analyzer (FTE6000 Horiba, Japan)
Exhaust Emission Particle Sizer with Thermaliluter (EEPS 3090, TSI, USA)
Nd-YAG Laser and Optics (Litron, UK)
Time-Resolved 2D, 3D and Tomographic PIV (B4sion, Germany)
2D and 3D Phase Doppler Interferometry (Afim, USA)
High-Speed Cameras (Photron, USA)
Laser Beam Profiler (DataRay, USA)
Bomb Calorimeter (Parr 6200, USA)
Kinematic Viscometer (Setavis, UK)
Rancimat Instrument (Metrohm, Switzerland)
Copper Corrosion Bath (Setavis, UK)
Engine EndoscopégKarl-Storz, Germany)
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1 Constant Volume Spray Chambers and Constant Volume Combustion Chambers for
Various Experiments (6 Types)

1 Pressure Transducers with Charge Amplifiers (AVL, Kistler), Precision Shaft Encoders

1 3-D Simulations Software (Convergent Sciea{

1 1-D Simulations Software (Gamma Technolog$uite; GTFSuite)

1 High-Speed Computing System (WOrkstations, 24 Core, and 32 Core)

Brief description of the laboratory:

Engine Research Laboratory was created in the Department of Mechanical Engineering on
October 16t, 2005. This laboratory aims to develop statef-art experiments related to Internal
Combustion Engines and Vehicles apart from emission and enginglated tribological
investigations. This laboratory aims to develop highly efficient engines usingtae-of-the-art
facilities via conducting experiments for various investigations such as performance, emission,
combustion and incylinder flow visualization. This is a dedicated laboratory for IC engines, the
country's first laboratory to use laser diagnatics and microsensors for engines. This dedicated
engine research laboratory paves the way for a balanced development of this frelitie area of
research. The laboratory has several fully instrumented single and multiylinder test benches for
different engines/ dynamometers. Presently ERL is working on several advanced research topics
such as Particle Image Velocimetry (PIV) for #eylinder flow visualization, Phase Doppler
Interferometry (PDI) for spray characterization, combustion visualization and ogtal diagnostics,
Gasoline Direct Injection (GDI), Gasoline Compression Injection (GCI), HCCI/ PCCI of gasoline and
diesetlike fuels, engine noise and vibration, laser ignition of CNG and hydrogen. Presently, ERL is
working on developing methanol fuelled engines and DME fuelled engines for the Indian
automotive sector under the guidance of the National Institution for Transforming India (NITI
AYOQG).

Laboratory research keywords:

Engines, laser ignition, advanced combustion technologies, alternative fuedgpray and
combustion dynamics, optical engines, methandlieled engines, DMHueled engines

Major Research and Development Contribution of the Laboratory

Year Major research and development activity

A R&D 1: ECU Calibration for Methanol Adaptation in Motorcycles

The ECU calibration is required for methanol adaptation in the existing §
engines equipped with an electronic fuel injection (EFI) system. An ECU w
calibrated by tuning fuel injection quantity, AFR, volumetric efficiency, an
ignition timing to optimize engine performance, combustion, and emissions i
M85-fueled (85%v/v methanol + 15% v/v gasoline) singlecylinder port-fuel-

injected S| engine. M85 produced better results compared to baselir
gasoline. The BTE was increased by wp 23% at lower loads and up to 8% af
2020-2021 higher loads with M85 than gasoline. CO and HC emissions were redud
considerably. NO emissions were higher at lower speeds ar
comparable/lower at higher speeds compared to gasoline.

A R&D 2: Combustion Control in Gasoline Compression Ignition Engine

A detailed study was done to understand the role of combustion chambg
design on vertical plane aifflow structures. A realistic bowl geometry was
modelled and simulated using CONVERGE under nfinng conditions to
study the flow dynamics, fluid vortex l@ation, the importance of the interfacial
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region, variation of r-f OAT T AEOU ATIiI BITAT 60h
production regions, etc. These results were validated with the flovield
results of a lightduty optical engine obtained through TimeResolvedParticle
Image Velocimetry (TRPIV). Secondly, GCI combustion engine simulations f
varying swirl ratios (SR) were performed in CONVERGE CFD software
understand the effect of incylinder air motion on the mixture stratification
and combustion. A 1/7thsector geometry for a conventional reentry piston
bowl was modelled and simulated. Two different mechanisms were used fc
model validation. The results indicated that the largescale flow structures
control the fuel dispersion in the combustion chamberThe charge convection
because of increased swirl substantially influences the combustion.
distinguished ignition kernel was observed for all test cases. Lastly, the resul
of both the studies were combined, and a shallow piston (bathtub) geometr
was investigated for the GCI engine. The bathtub geometry shows
satisfactory results because of the absence of interfacial regions in tl
counter-rotating vortices. Overall, bathtub geometry showed good potentia
in lowering the HC and CO emissions from the GCI

A R&D 3: Development of Fuel Injection System for Di -Methyl Ether
Applications in Compression Ignition Engines

This study's objective was to investigate the technical feasibility of operatin
a commercial singlecylinder diesel engine equipped with a mechaical fuel

injection system with dimethyl ether (DME) without any significant engine

level modifications. A dedicated fuel supply line was designed to add tk
lubricating additives and supply the liquefied DME to the diesel engine. Th
existing high-pressure (HP) pump was inadequate to pump the required DME
hence a pneumatic presupply pump was connected in series in the low
pressure line. Using a heat exchanger, the injector return line was modified

handle and cool the liquefied DME. >75% rated load atl be achieved with
these arrangements by reducing the injector nozzle opening pressure.-I|
cylinder combustion was dominated by diffusion combustion for the DME
engine. Engine emissions such as HC, CO, NOx, and soot were red
significantly for the DME engine. The DME engine noise was lower due

superior spray atomization and DME evaporation.

2019-2020

A R&D 4: Development and Experimental Evaluation of Diethyl Ether
(DEE)-Diesel Blend Fueled Tractor Engine Prototype

This study investigates the combustion, performance and emissio
characteristics of a threecylinder naturally aspirated water-cooled tractor
engine fueled with different blends of DEE with mineral diesel ranging fron
15% v/v to 45% v/v. test engine prototype was developed and operated &
different loads at a constant speed without significant structural modificationg
for DEE blend adaptation. Engine combustion and performance for test fu
blends were comparable to that of mineral diesel; however, due tdh¢ lower
calorific value of the test fuel, the engine could not be operated on comple
load conditions. A significant reduction in NOx and particulate emissions wer
observed, with slight increase in HC emissions. With the addition of DE
fraction beyond 45% v/v in the test fuel, stable engine operation could not bg¢
achieved due to higher volatility and lower lubricity of DEE compared to diese

A R&D 5: Development of Port Fuel Injected Methanol (M85) Fueled
TwozWheeler Prototype
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A functional twozwheeler prototype used M85 (85% v/v methanol + 15% v/v
gasoline) in an ECktontrolled port fuel-injected engine. Various strategies o
methanol utilization, in this twozwheeler engine were evaluated. Finally, :
retro fitment kit for the existing PFI two-wheeler with minimal structural
changes was developed for successful M85 adaptation. This thesis descril
the entire process of ECU recalibration for methanol utilization. In addition,
comparative study was performed for simulated orroad two-wheeler
performance ona chassis dynamometer using a gasoliffeieled motorcycle
with stock ECU visa-vis M85 fueled motorcycle using recalibrated ECU
followed by a comparison of emissions.

2018-2019

A R&D 6: Laser Plasma Ignited Hydrogen Enriched Compressed
Natural Gas Engine Development and Experimental Evaluation

This experimental study aims to assess the challenges and benefits of us
hydrogen-enriched compressed natural gas (HCNG) blends as fuel and la
as the source of ignition in a prototype IC engine. Experiments ihis study
were conducted in two phases. In the first phase of experiments, a constg
volume combustion chamber (CVCC) was used to study the fundamen
aspects of LI. In the second phase, an experimental engine setup V|
developed to compare LI vs Sl sysis for HCNG blends for their combustion
performance and emissions characteristics. Fuel was introduced using a pc
fuel injection system in the prototype HCNG fueled engine. This stug
ET OAOOECAOAA (#.' [EQGOOOAO A& O chite
lean fuelair mixtures using a Qswitched Nd: YAG laser (200 mJ; 30 Hz;%
ns) in the CVCC. Experiments were conducted at different ambient pressur
of 5 bar and 10 bar. These pressures simulated the-gylinder pressures at the
time of spark ignition in an engine cycle. Flame kernel evolution in HCN
blends of varying compositions (10%, 20%, 30%, and 40% v/v hydrogen) wa
Al T PAOAA xEOE AAOAI ET A -speed caiiraQvasiuset
to trigger the laser and the data acquisition systentlame kernel evolution
was recorded using the shadowgraphy technique. Images were captured
54000 fps and further analyzed to obtain the temporal propagation of flame
in different orthogonal directions. It was noted that for any typical initial
chamber pressure, Rx AOOET C AT T AOOOET T OAAOGA
DOAOOOOA AT A & Ai A OPAAA xAOA EECH

A R&D 7: Spray, combustion, emissions and particulate investigations
of gasohol fueled gasoline direct injection engine

A maagoscopic spray investigation was performed to determine spray
penetration length and cone angle. A section of this thesis focuses

microscopic spray investigations using the phase Doppler interferometry
(PDI) technique for the measurement of various spracharacteristics such as
arithmetic mean diameter (AMD) and Sauter mean diameter (SMD), sprg
droplet size distributions and spray droplet velocity distributions etc. After
performing spray experiments, the same test fuels were experimentall
investigatedin the engine. The engine could be operated either with a therms
cylinder head or with an optical cylinder head. In optical engine investigationg
phase Doppler interferometry (PDI) was implemented in the engine cylinde
to evaluate reattime spray droplet velocity and droplet diameter distribution

under various engine operating conditions. Many questions were answered |
these comprehensive experiments, which otherwise remained unanswered i
a constant volume spray chamber experiment. The results obtaidefrom
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these experiments helped optimize parameters for engine experiments wit
thermal heads. Effects in variation in spark timings (ST), fuel injectio
pressures (FIP), engine load and engine speed (rpm) on combustio
performance and emission charactestics were investigated experimentally.
In engine experiments with a thermal head, detailed investigations wer
conducted to evaluate engine performance, combustion and emissig
characteristics for the test fuels. Engine exhaust particle sizer (EEPS) wasd
to obtain particle number-size distribution and masssize distribution.
Primary alcohol investigation can be implemented on a large scale with th
lowest environmental impact.

2017-2018

A R & D 8: Feasibility of Using Methanol -Diesel Blends in an
Unmodified Compression Ignition Genset Engine with Mechanical
Fuel Injection Equipment

Miscibility of methanol in mineral diesel and stability of methanatdiesel
blends are the main obstacles faced in using methanol in compression ignitic
engines. In thisexperimental study, combustion, performance, emissions, an
particulate characteristics of a singlecylinder engine fueled with MD10 (10%
v/iv. methanol blended with 90% v/v mineral diesel) and MD15 (15% v/v
methanol blended with 85% v/v mineral diesel) arecompared with baseline
mineral diesel using a fuel additive (1dodecanol). The results indicated that
methanol blending with mineral diesel resulted in superior combustion,
performance, and emission characteristics compared with baseline miner:
diesel. MD15 emitted a lesser number of particulates and NOx emissior
compared with MD10 and mineral diesel. This investigation demonstrate
that methanolzdiesel blends stabilized using suitable additives can resolyv,
several issues of diesel engines, improve theihermal efficiency, and reduce
NOXx and particulate emissions simultaneously.

A R & D 9: Enhancement of Tribological Properties of Epoxy
Composite Coatings for Engine Applications

This research focuses on achieving improved mechanical properties with
lowel AEEAEAEAT O T £ AOEAOET 1  S7msn® / Mol fak
such coatings. The applications of epoxy composite coatings can be in extre
contact conditions such as engine piston rings and bearings. The present wg
is divided into five parts. The first part involves tribological and mechanical
investigations of epoxy and its composites, adding graphene and graphite
ten wt. %, coating on steel substrate under dry and lubricated conditions ¢
different loads and speeds. It was observed thafpexy/graphene composites
exhibit a lower coefficient of friction (~0.18) and a wear rate of 5.5 x 166 mm
3 /N-m at 3 N load and 0.63 m/s sliding speed under dry contact condition
when it was compared to epoxy. The second part of the thesis includ
investigations of the tribological and mechanical properties of epox
composite filled with nano-particles and liquid lubricants coated on D2 steel
Friction reduction by liquid lubricant (SN150 and PFPE by 10 wt. %) filleg
epoxy composites and associated lubration mechanism have been studied. |
was observed that the insitu lubricant at the interface assisted in making the
partial fluid film. The wear life improved by more than 200 times, and the
coefficient of friction became half that of the composite witout the lubricant.

2016-2017

A R & D 10: Acoustics, Vibrations, Performance, Combustion and
Emissions Characterization of Diesohol Fuelled Single Cylinder
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Compression Ignition Engine

This research work's comprehensiveness and focus on alcohaiesel blends'
noise and vibration characterstics are markedly different from earlier
investigations. Towards this goal, 18 different diesealcohol blends were
evaluated as potential candidates for partially replacing diesel using a sing
cylinder four stroke CI genset engine. Three different abtols were used to
prepare these blends: methanol, ethanol, and -butanol. For specific
formulations, co-solvents like dodecanol, and butanol, were used to eliminat
the phase separation problem of the blends. The engine was run at a constg
speed of 1500rpm. However, investigations were conducted at six differen
loads. An elaborate experimental setup was developed to record data need
for calculating engine performance, combustion, noise, vibration, an
emission characteristics from the engine fuelledby these 18 different diesel
alcohol blends. Before running tests on the engine, each test blend w
characterized for its phase stability, density, calorific value, viscosity
oxidation stability, and corrosiveness. Results showed strong correlation
between trends related to noise, combustion, emissions, engine performan
parameters. Experimental data were also analyzed to understand the effect
the inherent fuel oxygen content of alcohols on these parameters. Overall,
was found that most of the tesfuels could partially replace diesel for Gense
applications if they are also found to be economically viable.

A R & D 11: Mode Switching Prototype Engine Development for Low -
Temperature Combustion

Low-temperature combustion (LTC) concept has evolved ovehe last two
decades in response to the demand for lowering NOx and soot emissions fr
direct injection (DI) diesel engines. In LTC, aut@nition can be controlled by
modifying fuel properties to make it more chemically reactive or inhibitive by
adding an ignition promoter or inhibitor, as per the requirement. The fuel
properties directly control the vital properties of the fuel-air mixture. Based
on fuel properties, three distinct fuetair mixture preparation techniques,
namely, port fuel injection, eary direct injection, and late direct injection, can
be applied to LTC engines. Different derivatives of LTC, such as PCCI, PH
etc., have been thoroughly investigated, and the suitability of each derivatiy
was determined for a particular operating range To explore the applicability
of each LTC derivative for developing a productiograde LTC engine, thig
study was divided into three sections, namely (i) partially homogeneou
charge compression ignition (PHCCI) combustion, (ii) premixed charg
compressim ignition (PCCI) combustion and (iii) mode switching betweer
conventional Cl combustion and LTC. Depending on the operating conditig
mode switching involves dual combustion modes, which is an effectiv
solution for commercializing LTC technology. In PHT combustion
investigations, five test fuels were investigated at different loads, EGR rat
and intake charge temperatures. These experiments validated the feasibili
of LTC using low volatility fuels such as mineral diesel. PCCI experiments we
carried out to explore the possibility of using a fuel injection strategy fo
different combustion modes. After successfully achieving control over PC
combustion, an optimized fuel injection strategy was implemented on

production-grade engine to achieve modewitching between conventional ClI
combustion and LTC. This experimental study involved a journey starting wit
the fundamental combustion investigations of PCCI and culminating i
developing a commercially viable mode switching LTC engine prototypg
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which will be energy efficient and environmentally friendly.

2015-2016

A R & D 12: Spray, Engine Combustion, Performance, Emissions,

Vibrations and Acoustics Studies of Biodiesel and SVO Blends

Initial investigations were carried out to measure important fuel
properties, including density, viscosity, and calorific value for all test fuels
This was followed up by detailed investigations of spray characteristics fg
different test fuels. Finally, and most importantly, an exhaustive suite G
experiments was conducéd to understand performance, emissions, noisg
and vibration characteristics for the test engine run on 12 different biofuel
diesel blends. Four of the fuels studied were 20% blends of differer
vegetable oils (Karanja (K20), Jatropha, Rapeseed, and Saeand diesel.
These blends are named K20, J20, R20, and S20, respectively. Then t
were 20% blends of four different biodiesels derived from Karanja
Jatropha, Rapeseed, and Soybean. These blends are named KBZ20, |
RB20, and SB20. Finally, we alstested pure biodiesels for Karanja
Jatropha, Rapeseed, and Soybean. These are named KB100, JB100, R
and SB100. Characteristics of these test fuels were compared against tl
of mineral diesel. Biodiesel properties such as viscosity and densi
significantly affect spray characteristics, resulting in relatively inferior
spray atomization compared to mineral diesel. Biodiesel showed a sligl
improvement in noise and vibration characteristics due to a reduction ir]
HRR max because of higher SMD of sprayoglets compared to mineral
diesel. Biodiesel engines emitted lower HC and NO x emissions, while
emission and smoke opacity were relatively higher than mineral diese
with a slight reduction in BTE.
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i)

Figure #1: Single cylinder optical research engine (SCRE)

This flexible internal combustion system provides varying fuel injection strategies, injection timings,
supercharging boost pressure, compression ratio (slightly) etc. It is equippewith fuel conditioning,
lubricating oil conditioning and coolant condition systems for conducting investigations under standard
controlled conditions. This facility provides measurement and control of fuel injection pressure and
injection pattern (two pilots, one primary and one posiinjection). It has an AC dynamometer, a state
of-the-art intake air measurement system, and a gravimetric fuel flow meter. For particulate
characterization, Smart Particulate Sampler (SPC) is installed in this system. Thisility has installed a
water-cooled piezoelectric pressure transducer, fuelline pressure sensor and crank angle encoders for
in-situ combustion analysis. For Combustion visualization, it has a transparent quartz liner and quartz
window in the piston crown. The engine also has provisions for the installation of an endoscope for
combustion visualization, which is particularly very useful at higher engine load conditions
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Figure #2: Experimental Setup of GDI Engine with the thermal head

It employs a 6hole GDI injector (Bosch, GDI HDEVS5). A fully programmable MOTEC open ECU (M400)
controls the fuel injection quantity, timing, and spark timing. A peak and hold injector driver module
(ZB-5100G, Zenobalti) connected to the engine via open ECU is used to operate the injector upon the
encoder signal. For combustion analysis, a spark plugs pressure transducer (ZI31 Y5S, AVL) is
connected to a data acquisition (DAQ) system (Indi micro, AVJhis DAQ system has an ibuilt charge
amplifier, which converts the charge into voltage and provides the toylinder pressure signal. The crank
angle position is measured by an optical crank angle encoder (365C, AVL) which gives 720 pulses per
revolution. Sensors for lubricating oil pressure and temperature, barometric pressure, coolant in and
coolant out temperatures, exhaust gas temperature and engine speed (rpm) are installed on the engine.
Connections of the ECU include sensors for reference triggeynchronization trigger, throttle position,
manifold pressure, engine temperature, intake air temperature and narrovband lambda sensor.
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S

Figure #3: Two-Wheeler Chassis Dynamometer

The vehicle testing facility at ERL can do devgbment emission testing for 2wheelers (Max. Speed up
to 150 Kmph). Testing facility capabilities include vehicle performance and tailpipe emissions testing
per Indian standards.

Capabilities

1 Max. Speed test, Power Test, Acceleration Test

1 Road Load Simuldbn (RLS) and WideOpen Throttle (WOT) mode

1 Fuel Consumption Test

1 Road Load Simulation (RLS) mode

1 Emission Test

1 Constant speed tailpipe emission using Road Load Simulation (RLS) and Wipen Throttle
(WOT) mode
Driving cycle evaluation
World Motorcycle Test Cycle (WMTC), Indian driving cycle (IDC) etc. using driver's aid mode on
portable emission analyzer (AVEMDS 450)

9 Calibration of Fuel Supply Device (ECUWZarhurettor ) and Catalytic Converters

Road LoadSimulation (RLS) and WideOpen Throttle (WOT) mode
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Figure #4: Simulation capabilities
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Engine Research Lab's simulation facility can comprehensively study the combustion, performance and
emission parameters of engines. This facility is an excellent todbr adaptations of preliminary
investigations of newer alternative fuels in existing engines and developing new engines for alternative
fuels. ERL has a dedicated workstation equipped with-D and 3D software, GT Suite and Converge, for

carrying out simulations. GFPower is designed for steady state and transient simulations suitable for
engine/powertrain control. The software uses 1D gas dynamics to represent the flow and heat transfer

in the components of the engine model. Converge CFD is a 3D modelBn§ware that lets us view the

element's graphical interface that cannot be easily modelled and visualized withD software such as

GT-Power.
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Smart Materials, Structures and Systems (SMSS) Laboratory

Laboratory Coordinator: Dr. Bishakh Bhattacharya

Website: https://www.iitk.ac.in/smss/

List of Major Equipment:

3D Laser Doppler Vibrometer,

Acoustic Camera

GPU Cluster Server

ViperX 300 Robot Arm 6DOF

3D Printers - Creality Ender3 V2 and Ultimaker 3 Extended
d33 PiezoMeter Systems PM300

Amplified Piezo Actuator

Intel® RealSens& Tracking Camera

Vibration Exciters - LDS Shaker V101, V201 and Modal Exciter 2025E
dSpace ACE 1103, 1104, Multhannel SMA amplifiers
Magnetic Levitation Control

Accelerometers and Force Sensors ICP

4 channel active vibration control system

Data Acquisition System: Graphtec GL2000

Micro Syringe Assembly GS1200

Laser Distance Meter

= =4 -8 -8 -8 _8_9_9_4a_-9._9._-24._-92._-24._-2

E ]

Brief description of the laboratory:

Please provide a briédescription of the laboratory in about 810 lines, focusing on the main thrust
area of the laboratory activities.

Smart Materials, Structures and Systems (SMSS) Lab actively works towards novel scientific and
technological inventions. SMSS lab works indiverse field ranging from smart materials (Shape
Memory Alloy, Piezoelectric) and metastructures to robotics and neuronal modelling. Over the
past two decades, SMSS lab in the department of Mechanical Engineering at IIT Kanpur, has
excelled consistentlyin various domains of mechanical science, at national as well as international
levels. The lab has a longtanding reputation of grooming quality engineers and motivated
researchers. Research activities and facilities in SMSS lab attract many aspiringdstats and
research scholars across various disciplines. This lab is an epitome of working towards the
betterment of society and nationbuilding through technological innovations and transfer.

Laboratory research keywords:

Shape Memory AlloyRobotics; Metastructure; Vibration & Control; Dynamical System;
Telemedicine & Prosthetics; Neuronal Modelling; Cognitive Science.
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Major Research and Development Contribution of the Laboratory

Year

Major research and development activity

2020-2021

1. Bioinspired SMA based Actuator

f

2. Cognitive Robotics based study of Chi#&obot Interaction (CRI) -
Characterization of Critical Parameters and Interaction Design

1

Objective- DC motorbased actuators are being widely used in variou
fields; however, they mostly depend upon the embedded gear trai
mechanism to provide required torque output. The use of gear traing
in turn, increases the cost, size, and weight of tlaetuators. Therefore,
the current project proposes to provide a solution to tackle the
challenge. The idea behind the project is based on the biomimet
approach, which provides an abundance of designs and solutiol
which are optimized and efficient in naure to solve complex human
problems. The solution to this problem can be obtained from thg
biomimicry of muscles located in the human body. These types
muscles generally allow higher force production but a smaller rang
of motion. The design of muscl@rovides the flexibility of controlling
the length of fibre (in our case, SMA wire) to obtain the torque
requirement without having any significant effect on the overall
dimensions, weight, and cost of the actuator.

Research Impact

! Kanhaiya Lal Chaurasia, A. Sri Harsha, Yashaswi Sinh
Bishakh Bhattacharya (2022). Design and development ¢
non-magnetic hierarchical actuator powered by shapg
memory alloy based bipennate muscle. Scientific Reports.

1 Bishakh Bhattacharya, A Sri Harsha, Kanhaiya Lal Chausas
(2021). Shape Memory Alloy Embedded Bipennate Actuatd
System for Enhancing Output Torque or Force. [P
202111028327.

1 Bishakh Bhattacharya, Kapil Das Sahu, Kanhaiya L
Chaurasiya, Ujjain Kumar Bidila, P Mani Kumar, Johns
Controls (2021). AN ACTUATORFOR A VALVE. IPA
202111039151

Objective - The principles of ChildRobot Interaction is yet
underdeveloped and a lot of work is in progress to develop th
foundation. Though rapid progress in the field of artificial intelligence
is paving a path towards the goal, that machines becomirglaptively
intelligent, the complexity associated for designing such a framewor
is increasingly challenging. Humans subconsciously adapts the
behaviour to the surrounding environment to make the interaction
run smoothly. Replicating such smooth interagon is difficult for a
machine (Robot). The challenge lies in the parameter identification fg
interactions and subsequently designing an efficient model to handl
the same. For an adult these models are even more complex thar
child owing to the order of heterogeneity associated with these
interactions. This project aims to study several critical parameters
that affect interaction with Robots for children with different age
groups and develop suitable models that helps in implementin
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3. Design and Development of Autonomous Power Substation Inspectior|
Robot

f

smooth and untetheral interaction. Several physical design relate
issues of a Robot along with the capabilities that enhances interactig
will be studied in an experiment based setup. Prdefined interaction

through a Robot (NAO) will be programmed and subjects (childre
wit h several age groups) will be engaged with the same. The respon
from the subjects will be recorded and analysed with the statef-art

data analytics tools to draw inferences. The inferences will help i
modelling a more socially adaptive robot and alsadentify active and

hardware and software designs.
Outcome

1 Developed a Reinforcement Learning (RL) based model f
the robot to react in a trustworthy manner while interacting
with children

1 Replicated humantlike gestures in the NAO humanoid robo
for different emotions

Objective: POWERGRID is presently operating 1,70,224 ckms
transmission lines along with 262 substationswith 4,51,351 MVA
transformation capacity. To maintain such vast network with more
than 99% availability, it is challenging and requires lot of resourceg
Substations are the nodes of electrical grids, ensuring reliability
efficiency, and sustainability é electricity transmission and delivery.

In order to address the demands that arise during construction
refurbishment, and operation and maintenance (O&M) of substationg
substantial efforts have been made to develop robots capable
assisting or replachg engineers in the performance of repetitive
and/or dangerous tasks comprising the substation lifecycle. A furthe
advantage of O&M robotics is that it can increase availability, as ma
facilities are unattended, yet must be continuously operational
POWERGRID and IIT Kanpur are jointly developing an autonomol
mobile robot for inspection of substations to take care of repetitive
and time-consuming inspection activities on a regular basis. The robd
will be equipped with a wide array of sensors (IRIS convl cameras,
IR thermal sensors, LIDAR, fire alarms) and an autonomously (alof
with tele-operation feature) navigating platform whichroams around
a substation and perform inspection for damages in components thé
are essential for continuous running ofthe sub-station

Outcome z The robot will utilize advanced vision processing and
machine learning algorithms to independently identify and flag any
damages or failure to any critical components in the substation an
automatically trigger an alarm. Use of such robot will also allov
ground staff to access areas in a substation that are manually difficu
to inspect. The robot will be trained using condition monitoring
algorithms based on machine learning. This will enable the robot i
damage identification, classification and prognosisof every sub
system. The procedure will upgrade the maintenance from routing
monitoring to a continuous monitoring system and enhance the life g
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the components significantly.

2019-2020

4. Design and Development of Autonomous Robot for Crdgdonitoring and
Localized Pest Neutralization

il

5. Pipe Health Monitoring Robot (PHMR)

1 Objective: The project aims at developing a pipe health monitoring
system based on smart sensors which canebtransported inside
compressed gas pipes with the help of a conduit crawler robot t
determine the extent of anomalies present in the pipeline. The pip
health monitoring system will comprise a sensor network for
anomalies detection, a micrecontroller for processing the data from
various sensor units and a storage unit to store the processed dat
and an autonomous platform or robot, to carry these component
inside the pipeline.

Objective:

1

f
f

1 Research Impact:

f

1 Research Impact:

il

Monitoring local conditions (temperature, humidity etc.) in
the farm

Autonomous navigation (manual override option available)

Smart sensors (high resolution camera) and algorithms
(AI/ML based) to detect local infesation of crops

Efficient deterrence by localised pesticides delivery
mechanism to the affected area

Advance precision farming technique

Display for reattime image feeds from inaccessible regions

Mahendra Kumar Gohil, Anirudha&hattacharjee, Bishakh
Bhattacharya, Samir Kumar Biswas (2022). A ROBOT
SYSTEM FOR AUTOMATICALLY MANAGING AGRICULT
ACTIVITIES. IPA: 202211034166.

Mahendra Kumar Gohil, Aniruddha Bhattacharjee, Divya
Jyoti Pandey, Chetan Vashishtha, Bishakh Bhattacharya
(2021). A SYSTEM FOR FACILITATING T\WOIMENSIONAL
FLUID MOVEMENT OF AN OBJECT OVER AN AREA. Pat
No: 401748.

Santhakumar Sampath, Kanhaiya Lal Chaurasiya, Pou
Aryan, Bishakh Bhattacharya (2021). An innovative approack
towards defect detection and localization in gas pipeline
using integrated inline inspection methods. Journal of
Natural Gas Science and Engineering.

Santhakumar Sampath, Bishakh Bhattacharya, Pouriayan,
Hoon Sohn (2019). A Realime, NonContact Method for I
Line Inspection of Oil and Gas Pipelines Using Optical Sens
Array. Sensors

Kanhaiya Lal Chaurasiya, Bishakh Bhattacharya, S Barat
Sanjeev Kumar (2020). Speed Control System for Pipe Hea
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Monitoring Robot. IPA: 202011016379.

1 Bishakh Bhattacharya, Nachiketa Tiwari, Nayan Jyoti Baishy
Himanshu Panday, Vaibhav Verma, S. Barathy, Raj Kun
Kashyap, Parivesh Chugh, T.P. Yuvaraj, Pushpit Kant, Su
Kumar (2015). A Novel Self Powered, Intellignt Pipe Health
Monitoring Robot (PHMR) for Inspecting Gas Pipe Ling
Patent No: 403841.

2018-2019

6. Smart Stick

1 Objective: This project aims to develop a smart, adaptive, ar

1 Outcome:

intelligent walking aid for elderly people, which can provide adequate
force in a Sitto-Stand and viceversa transfer. The proposed device i
equipped with sensors and intelligent algorithms that actuates itsel
adaptively to provide the force deficiency that older people
encounters while executing the daily activitiesSit-to-stand or stand-

to-sit (STS) motion is a very common and vital activity in everyda
mobility. Elderly people often looks for external help/support to

gather adequate support to execute the same. This project intends

develop a smart adaptive walking aid for eldrly people equipped with

sensors and feedback mechanism that actuates itself adaptively

provide the force deficiency.

1 Adaptive reconfigurable STS smart walking assistance stick
with active actuation to adjust height

1 Sensors and learning algothms to train to provide
personalized comfort.

1 Gait calibrated auto adjustment of momentum transfer for
effortless walking assistance.

1 Smart stick integrated with auto calibration.

{1 Uniquely designed vibration dampers (honeycomb flex)
integrated to preventshock and falling.

2017-2018

7. Design of shape memory alloy actuated intelligent parabolic antenna fq
space applications

1 Outcome: The deployment of large flexible antennas is becomir

critical for space applications today. Such antenna systems can

reconfigured in space for variable antenna footprint, and hence can [
utilized for signal transmission to different geographc locations. Due
to quaststatic shape change requirements, coupled with the deman
of large deflection, shape memory alloy (SMA) based actuators a
uniquely suitable for this system. In this paper, we discuss the desig
and development of a reconfigural® parabolic antenna structure. The
reflector skin of the antenna is vacuum formed using a metalize
polycarbonate shell. Two different strategies are chosen for th
antenna actuation. Initially, an SMA wire based offset network i
formed on the back side bthe reflector. A computational model is
developed using equivalent coefficient of thermal expansion (ECTE
for the SMA wire. For powerminimization, an auto-locking device is
developed. The performance of the new configuration is compare
with the offset-network configuration. It is envisaged that the study
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f Research Impact:

8. Exploring the dynamics of hourglass shaped lattice metastructures

{ Objective: Continuous demand for the impreement of mechanical

1 Research Impact:

will provide a comprehensive procedure for the design of intelligent
flexible structures especially suitable for space applications.

1 Kalra S, Bhattacharya B, Munjal BS. Desigrsbhpe memory
alloy actuated intelligent parabolic antenna for space
applications. Smart Materials and Structures. 2017 Au
9;26(9):095015.

71 Kalra S, Bhattacharya B, Munjal BS. Development of shg
memory alloy actuator integrated flexible polyether-ether-
ketone antenna with simultaneous beam steering an
shaping ability. Journal of Intelligent Material Systems an
Structures. 2018 Nov;29(18):363447.

performance of engineering structures pushes the need fq
metastructures to fulfil multiple functions. Extensive work on lattice
based metastructure has shown their ability to manipulate wave
propagation and producing bandgaps at spefit frequency ranges.
Enhanced customizability makes them ideal candidates fq
multifunctional applications. This paper explores a wide range o
nonlinear mechanical behavior that can be generated out of the san
lattice material by changing the building lock into dome shaped
structures which improves the functionality of material significantly.
We propose a novel hourglass shaped lattice metastructure that takg
advantage of the combination of two oppositely oriented coaxig
domes, providing an opportunity for higher customizability and the
ability to tailor its dynamic response. Six new classes of hourglas
shaped lattice metastructures have been developed throug
combinations of solid shells, regular honeycomb lattices and auxet
lattices. Numerical simulation, analytical modelling, additive layer
manufacturing (3D printing) and experimental testing are
implemented to justify the evaluation of their mechanics and reveg
the underlying physics responsible for their unusual nonlinear
behaviour. We further obtained the lattice dependent frequency
response and damping offered by the various classes of hourgld
metastructures.

1 Vivek Gupta, Sondipon Adhikari, Bishakh Bhattacharya
(2020). Exploring the dynamics of hourglass shaped lattice
metastructures. Scientific Reports.

1 Vivek Gupta, Sondipon Adhikari, Bishakh Bhattacharya
(2020). Locally resonant mechanical dome metastructures
for bandgap estimation. Active and Passive Smart
Structures and Integrated Systems IX.

1 Vivek Gupta, Anwesha Chatt@j, Arnab Banarjee, Bishakh
Bhattacharya (2019). Wave propagation in auxetic
mechanical metamaterial: Bloch formalism for various
boundary conditions. Active and Passive Smart Structures
and Integrated Systems XIII.
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2016-2017

9.

Dual FunctionalMetamaterials and Metastructures for Energy Harvesting
and Vibration Control

1 Objective: The dynamics of periodic materials and structures have
POl £ OT A EEOOI OEA AAAEcCOI OT A (@
find sound propagation in the air to RaylelfE6 O A @DI
continuous periodic structures. This field of interest has receivec
another surge from the early 21st century. Elastic mechanica
metamaterials are the exemplars of periodic structures that exhibi
interesting frequency-dependent propelODEAO 1T EEA 1 A
modulus and negative mass in a specific frequency band due
additional feature of local resonance. It implies, the spatial periodicity
of mechanical unit cells in engineered metamaterials exhibit
properties beyond one can expet from conventional naturally
occurring materials. Locally resonant units in the designec
metamaterial facilitate bandgap formation virtually at any frequency
for wavelengths much higher than the lattice length of a unit cel
Whereas at higher frequencis for wavelengths equal to the lattice siz¢
of the medium, the Bragg scattering phenomenon occurs, which al
helps in the bandgap formation. Due to out of phase motion of multipl
resonating units with lattice, there is a change in the dynamic behavig
(stiffness or mass) of the material as physical properties becom
frequency-dependent.

1 Research Impact:

1 Ankur Dwivedi, Arnab Banerjee, Bishakh Bhattacharya
(2020). A novel approach for maximization of attenuation
bandwidth of the piezoembedded negative stifness
metamaterial. Active and Passive Smart Structures and
Integrated Systems IX.

1 Ankur Dwivedi, Arnab Banerjee, Bishakh Bhattacharya
(2020). Simultaneous energy harvesting and vibration
attenuation in piezo-embedded negative stiffness
metamaterial. Jourral of Intelligent Material Systems and
Structures.

1 Ankur Dwivedi, Arnab Banerjee, Bishakh Bhattacharya
(2019). Study of piezo embedded negative mass
metamaterial using generalized Bloch theorem for energy
harvesting system. Active and Passive Smart Strucas and
Integrated Systems XIII.

2015-2016

10.

Cabin Pressure Control System (CPCS)

1 Objective: Cabin pressure control system of an aircraft maintain
cabin pressure in all flight modes as per the aircraft cabi
pressurization characteristics by controlling the air flow from the
cabin through the outflow valve of the cabin pressure controlalve.
The movement of outflow valve in turn depends on the air flow from
the control chamber of cabin pressure control valve, which i
controlled by the clapper and the poppet valves. These valves a
actuated by absolute pressure and the differential gssure capsules
respectively depending upon the operating flight conditions
Mathematical models have been developed to simulate the air outflo
rates from the cabin and the control chamber of cabin pressure contrg
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valve during steadystate and transient flight conditions. These
mathematical models have then been translated into a MATLA
program to obtain plots of cabin pressures as a function of aircrai
altitudes. The mathematical models are validated for standard cabi
pressurization characteristics of a multirole light fighter/trainer

aircraft. The model developed, thus can be used to produce a humb
of variants of cabin pressure control valve to suit different cabin
pressurization characteristics.

1 Research Impact:

f Kanhaiya Lal Chaurasiya, Bishakh Bttacharya, A K
Varma, Sarthak Rastogi (2020). Dynamic modeling of a
cabin pressure control system. Proceedings of the
Institution of Mechanical Engineers, Part G: Journal of
Aerospace Engineering.
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Figure #1: Design and Development ddutonomous Robot for CropMonitoring and Localized Pest
Neutralization

ortescap

CORPORATE SOCIAL RESPONSIBILITY GRANT

Bio-inspired Shape

Memory Alloy based
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Artificial Muscle

Figure #2: Design and development of namagnetic hierarchical actuator powered by shape memory
alloy based bipennate muscle.
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d

Figure #3: Desrgn and Development of Aquati@utonomous Observatory (Niracara Svayamsasita
VedhShala NSVS) for In situ Monitoring, Real Time Data Transmission and Web based Visualization.

”;"'> .1ii|_

« 90°bend

Figure #4: 8inch pipeline test-bed facility with air compressor operatlonal at Department of
Mechanical Engirering, IIT Kanpur
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Figure #5: Exploring the dynamics of hourglasshaped lattice Meta structures
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Energy Storage Systems Laboratory

Laboratory Coordinator: Dr. Jishnu Bhattacharya

List of Major Equipment:

Blue wave miniature spectrometer(350-1100 nm)
Two axis solar trackers

Water salinity meter

Compact solar simulator

Thermal chamber for destructive battery testing
Sonicator for naneenhanced PCM

Pyranometer and Pyrheliometer

Parallel computing cluster

=4 =4 =4 4 -4 4 4 4

Brief description of the laboratory

ESSL (Energy Storage Systems laboratory) focuses on various storage technologies including
electrochemical and thermal systems. The ihattery based systems are analyzed in terms of
fundamental material characterization and prediction. Moreover, thermal management
techniques are experimented on in terms of applications in the electric vehicles. Thermal storages
are linked to the solar heat collection and conversion. Solar conversion and utilization
experiments are performed in terms of photovoltaic, beantoncentrator, beamsplitting and
desalination applications. Performance enhancement techniques in phase change material based
thermal storage systems are analyzed for various applications. Thus, ESSL tries to answer few
useful questions in the field of enggy conversion and storage.

Laboratory research keywords:

Lithium-ion battery; thermal management; solar conversion; thermal storage; desalination;
heliostat field; parabolic trough; naneenhanced PCM,;

Major Research and Development Contribution of the Laboratory

Year Major research and development activity

9 Formulation of optimal layout for fixed plane solar photovoltaic array

1 Development of algorithm for shading and blocking loss estimation in a
2020-2021 heliostat field

Prototype development of a naneenhanced membranebased
desalination system

=

A Design and installation of destructive battery test chamber

2019-2020 | A Experimental evaluaton of heat generation by Lion cells under
pulse discharge condition and testing the validity of Bernardi
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equation
Estimation of spectral factor as function of angle of incidence

2018-2019

Development of universal nondimensional number (Runaway
Mitigation Number or RMN) for comparing thermal runaway
mitigation in large battery packs

Development of layouting algorithm of parabolic trough collector
field where inter-trough shading and blocking are included

2017-2018

Development of realtime spectral factor estimation based on local
conditions and weatherz case study for Kanpur

A novel stationary concentrator is developed for low concentration
low cost photovoltaic system

2016-2017

Development of modular sensible heat storage system and
demonstration of its thermodynamic advantage

2015-2016

Building computational facility for large scale parallel computing

Discovery of new ground state structure for vanadium pentoxide
through computational structure search
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Figure #1: Experimental facility for nano-enhanced PCM based thermal storage systems
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Figure #2: Experimental facility for determining the effect of angle of incidence on solar photovoltaic
cells
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Figure #4: Two axis solar tracker for testing large scale panels
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Figure #5: Solar desalination sysem based on Fresnel concentrators and namohancedmembrane
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Micro systems Fabrication Laboratory

Laboratory Coordinator: Dr. Shantanu Bhattacharya

List of Major Equipment:

Wire Bonder

Desk Top Mask Aligner
DI water system
Chemical balance

Fume Hood

Gravity Convection Oven
Optical Table

Spin Coater

Air cooled Chiller
Sputtering / PECVD Dual
Oxidation Furnace
UV-Vis

Autoclave

Slane system

Nano caiC

Fluorescence microscope
Impedance measurement
Laminar Tents

A=A -0_0_9_48_4_40_2_-2_-2_-2°_-2_-2_-2._-2°._--2-

=

Gas sensing setup

Brief description of the laboratory:

Please provide a brief description of the laboratory in about-80 lines, focusing on the main thrust
area of thelaboratory activities.

4EA O-EAOI OUOOAT O &AAOEAAOQGEITT , AAT OAOT OUus EO |
department and caters to the Engineering of micro/nanesystems leading to domain centric

applications in healthcare, energy, environment and waterThe laboratory has developed key
technologies in diagnostic devices, printable supercapacitors, gas sensors, acoustic metamaterials

and photocatalytic remediation of textile water. The products and systems developed have

resulted in many technology patets, several doctoral degrees, two products (one rapid card for

$ AT COA AEACT 1 OOEAO 0O4A00 wAOuUos AT A TTA xAOAO OOA
Jaipur textile park), one startup company incubated @ IIT Kanpur, several awards and
accomplistments etc.

Laboratory research keywords:

BioMEMS Micro/nano systems technology Paper Microfluidics; Nano-energetic Materials
Acoustic Metamaterials Photocatalysis Sensors Printable Supercapacitors Product Design
Impedance Spectroscopy
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Major Research and Development Contribution of the Laboratory

Year

Major research and development activity (Top Highlights)

2020-2021

R&D development #1 : Fractal Acoustic Metamaterial: In this
work we have developed fractal acoustic metatructures which are
observed to provide multiple narrow band low frequency
adsorption of acoustic signals. The fractal design consists of a g
of interconnected rapidly scaling down side branched Helmbitz
resonators with excellent tunability to multiple frequencies.
(Sponsored: Boeing Project)

R&D development #2 : Synthesis and evaluation of novel V205 -

rGO photocatalysts with pH dependent sensitivity:  In this work

we have created a pH sensitive photocatalyst using vanadium sa
and evaluated its role incolour removal over textile industrial

effluents. It is further observed that the catalyst developed hag
shown reusability and refurbishing abilities.(Sponsored by Abdul
Kalam Technical Innovation Fellowship)

R&D development #3 : Development of an intelligent rotational
magneto abrasive flow finish system : In this work we hawe
carried out the development ofa RotationatMagneto Abrasive Flow,
Finishing (RMAFF) machine for finish machining of cylindrical
camshafts to a desired 300m or lesser surface finish with high
finishing rate using an ANN based predictive controller. TheANN is
taught using different datasets on parameters like shaft materials
machining conditions, i.e.,number of cycles, speed of rotation
abrasive sizes, initial roughness, desired roughness etc. T
problem statement addressed is for a loom manufactureof woven
plastics for tape winding operations.

R&D development #4 : Development of a vertical electro -
chemical micromachining system: In this work a novel vertical
ECMM setup has been designed and developed, which can mach
on a workpiece kept in a position perpendicular to the ground
There arise particular situations in avionics and automotive
applications when it is difficult to dismantle the whde assembly and
carry out the machining. So, the capability of machining on a vertic
surface widens the applications of the proposed ECMM setup. Th
ECMM setup is capable of machining variable orientations
workpieces with machining performance simila to ECMMs with
gravity-assisted technology.

R&D development #5: Making data driven quality Management

accessible to small scale diary cooperatives of India: T his work aims
at contributing to next generation miniaturised and lowcost sensors
systems (with inbuilt data analytics and traceability algorithms) that can
be used throughout the supply chain to identify causes of milk qualit
problems and enable development of strategies to rectify prevalent issue
The various objectives of this study are (1) To ndertake field trials to
track the quality of milk from the farmgate through the entire supply chain
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to identify critical events that result in deterioration of quality of milk,, (2)
To develop POC midnfrared spectroscopic sensors and enabling
algorithms to measure (by proxy) milk quality parameters that can beg
used to predict the rate at which milk quality may deteriorate and its
suitability for pooling or alternate processing options, and (3) to inform
actions for supply chain optimization to improve owrall provenance and
traceability. (Sponsored by VESKI, Victoria State, Australia)

2019-2020

R&D development #1 : Impedance spectroscopy biochip for
detection of gold labelled DNA: In this project we have design g
microchip platform that carries out specific DNA detection through
EIS using nanopatrticle labelling approach and also an addec
selectivity step through the use of dielectrophoresis (DEP), whic
enhances the detection sensiity and specificity to match the
detection capability of quantitative polymerase chain reaction
(gPCR). The detection limit of the proposed biochip is observed {
be 34 PCR cycles for 582 bp bacterial DNA, where the comple
procedure of detection is peformed in less than 10 min.(Sponsored
by DST, Bio-Instrumentation)

R&D development #2: Surface engineering of PEEK surfaces to

increase the shelf life in aerospace applications: In this work, we have
reported a combined effect of plasma and PEG Silanesdtment for

permanent hydrophilic modification and improved adhesion strength of]
PEEK surfaces. The timdependent changes in the contact angles, XF
and ATRFTIR spectra results have been used to investigate the surfa
properties of the modified surfaces and the new surfaces are engineere
to play a pivotal role in longterm modification of PEEK(Boeing project)

R&D development #3: Parametric behavior of coatings for
building large area superhydrophobic substrates:  This work
applies the powerful machine learning algorithms (Levenberg Marquard
using Gauss Newton and Gradient methods) to evaluate the vario
processes affecting the ati-wetting behavior of coated printable paper
substrates with the capability to predict the most optimized method of
coating and materialsthat may lead to a desirable surface contact angl
The major application techniques used for this studypertain to dip
coating, spray coating, spin coating and inkjet printing and silane and go
gel basecoating materials. (Sponsored by Boeing)

2018-2019

R&D development #1: Ashok Chakra Meta-structure as a broad
band low frequency near perfect sound absorbe rs: In this work
we have designed and developed thin acoustic mettructures with
subwavelength dimensions through which almost perfect soun
absorption is achieved in the lowfrequency domain. Our overall
strategy builds on the fact that the sound absonon capabilities of
the meta-structures primarily depend on the geometric dimensions
and can easily be reconfigured as per requirements through
change of geometry. To analyze various possibilities, we optimiz
the geometric structure through hybrid regression analysis using
the genetic algorithm approach and finite elemenbased numerical
simulations so that the geometry is tuned for high attenuation o
acoustic signals over a broad range of frequencies. Both theoretic
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and experimental data show good arity and are able to establish
the metastructure nature of the assembly with respect to different
frequency bands in low frequency domain(Sponsored by Boeing)

R&D development #2: Design and testing of micro -cantilever
sensors for detection of trace analytes like cholesterol,
chloroform etc.: In this work we have designed and develope(
microscale cantilevers for the trace detection of various analyte
like chloroform, cholesterol dc. The polymeric cantilever
fabrication process was established repeatably using thin films ¢
photoresist and a coating process for rGMWCNT (reduced
graphene oxidemultiwalled carbon nanotube) nanocomposite
material with Poly-L-Lysine functionalizationwas developed which
is used detection of biomolecules with enhanced sensitivity. W,
have been able to successfully detect 100 femtmolar
concentration of Cholesterol from human blood and upo 250 ppb
level of chloroform using the cantilever architecture (Sponsored
by DST Nanomission)

2017-2018

R&D development #1: Inkjet Printed Electrodes Of Graphene
Oxide-Metal Oxide Hierarchical Nanostructured
Nanocomposites For Improved Energy Density And Power
Density Thin Flexible Supercapacitors:

In this project we have fabricated fully printed, solidstate, and flexible
0t3#0 11 AAI 1061 T OA PAPAO OOBAOGOOA
electrode patterns are first printed on paper with reduced graphene oxidg
(rGO) ink to construct a conducting matrix. TR negative electrode is
printed using activated carboryBi203ink and the positive electrode is
printed with rGO-MnO2ink, each on one half of the prerinted

conducting patterns to form an asymmetric design using different nozzle
of the same printer. A pdyvinyl alcoholzKOH electrolyte ink is printed
over the electrode patterns and solidifies to complete the device. Notabl
geometric parameters such as the width of the electrode finger and th
width of the interspaces between the adjacent fingers were adsoptimized
to achieve the optimum electrochemical performance of the device
(Sponsored by DST, MES, Featured as top success stories of 2021)

R&D development 2: | -Fe203loaded rGO nanosheets based
fast response/recovery CO gas sensor at room temperature

This work illustrates a simple and cost effective methodology to develo
found to be a potential material for the sensitive detection of CO gas
room temperature for the first time. The nanocomposite rGq -
Fe203shows improved CO gas sensgcharacteristics in comparison with
b O O Ae2(3rGO sheets provide enhanced sensitivity through thei
extral OAET AOEIT U EECE 00O Z&AAAFe208) Aldw
OAOPITOA jcp O AO pm PPIiQq AO xAI
Material also shows ptype semicond behaviour at room temp-erature
and has a high selectivity towards CO gas on{gponsored by ISRO)

R&D development #3:Tapered lateral flow immunoassay -based
point -of-care diagnostic device for ultrasensitive colorimetric
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detectio n of dengue NS1

In this work we have developed a novel lateral flow immunoassay fa
detection of dengue leveraging on the benefits of gold decorated graphe
oxide sheets as detection labels and a tapered nitrocellulose membrar|
The developed assay allowsEl O OADPEA j pmnui ET q A
AAT cOA .3p xEOE A AAOAA Gdidiniprovetadnt
over the previously reported values. Additionally, the clinical application
of the developed assay has been demonstrated by testing it fdengue
virus spiked in human serum. The reported lateral flow immunoassay
shows significant promise for early and rapid detection of several targe
diseases. This work received th&YTI award of 2017 and the proprietor
of this work incubated a company atlT Kanpur which bagged theBIG,
BIRAC grant successfully. Today the technology has successfu
completed clinical trials.(Sponsored by BIRAC)

R&D development #4: Highly sensitive V205-1.6H20 nanostructures
for sensing of helium gas at room temperature

In this work, we report the facile synthesis of hydrated vanadiunm
pentoxide (V205-1.6H20) nanostars using hydrothermal route and the
use was demonstrated and compared with nanowire type structure fo
sensing of helium gas for the first time. The gas seng properties were
attributed to the electron hopping mechanism in V205-1.6H2(
nanostructures at room temperature. We observed that the change i
morphology of V205-1.6H20 helps to augment the overall response
vob AO onm BPPIiq xEOBEAT ®ROW I0EA AO
excellent sensing properties at room temperature, make V205-1.6H2
nanostructures a potential material for He gas sensing applicatior
(Sponsored by ISRO)

2016-2017

R&D development #1: Facile synthesis of Au@Agzhemin
decorated re duced graphene oxide sheets: a novel peroxidase
mimetic for ultrasensitive colorimetric detection of hydrogen
peroxide and glucose

In this work we report the facile synthesis of a quaternary nanocompositg
material (heminzsilver coated gold, graphene oxide) and evaluate
its efficacy as a novel peroxidase mimetic. A strong synergist
coupling results in an excellent catalytic performance of this
nanocomposite. A comparison of the different morphologies ohe
silver coated gold particles strongly indicates a greater sensitivity g
the nanostar morphology over the nanoparticle morphology owing
to its high surfaceto-volume ratio. Furthermore, the immobilization
of hemin and silver coated gold nanostars on agphene oxide sheet
framework imposes a nanoscale confinement, effectivel
augmenting the overall catalytic performance of the composite. Th
nanocomposite demonstrates a nanomolar range sensitivit
towards hydrogen peroxide and glucose (limit of detectiors 1.26
nM and 425 nM).(Sponsored by DIC, MHRD)

R&D development #2: Double negative acoustic metastructure
for attenuation of acoustic emissions

In this work, we report a double negative acoustic metatructure
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for absorption of low frequency acoustic engsions in an aircraft.
This is achieved by utilizing a periodic array of hexagonal cel
interconnected with a neck and mounted with an elastic membran
on both ends. An average transmission loss of 56 dB under 500
and an overall absorption of over 48% have been realized
experimentally. The negative mass density is derived from th
dipolar resonances created as a result of the qphase movement of
the membranes. Further, the negative bulk modulus is ascribed {
the combined effect of outof-phase acceleation of the membranes
and the Helmholtz resonator. The proposed metatructure enables
absorption of low frequency acoustic emissions with improveq
functionality that is highly desirable for varied applications.
(Sponsored by Boeing)

R&D development #3: Polyaniline silver nanoparticle coffee
waste extracted porous graphene oxide nanocomposite
structures as novel electrode material for rechargeable
batteries

In this work, we have developed arin-situ hybrid nhanocomposite
from coffee waste extracted porous kaphene oxide (CEPG
polyaniline (PANI) and silver nanopatrticles (Ag) and have found thi
novel composite to serve as an efficient electrode material fq
batteries. The cyclievoltammetry (CV) analysis performed on
CEPGPANRKAgnanocomposite exhibits a puely faradic behaviour
using nickel foam as a current collector thus suggests the preparg
nanocomposite as a battery electrode material. The nanocomposi
OAPI OO0 A | Ag@EIl Oi ODPA A EaseEeXcellAnA
cyclic stability up-to 5000 cycles.

R&D development #4: Digital ly controlled portable micropump
for transport of live micro -organisms

In this work, we have developed dybrid strategy where the laser
manufactured PMMAsamples are smoothened by a chemicq
etching step and so obtained smootlsurface is used to fabricate
multilayer micropump which is actuated by a piezo disc. The
micropump is operable at lower voltage 7.5V DC. The flow rates
of our device can be programmed through a micrgontroller
interface and trials are able to yield a viable transportation o
solutions containing micro-organisms. Theoptimized designof
the microfluidic chamber used in this work is able to discharge thg
whole containment from within the fluid chambers while retaining
the cell viability . (Sponsored by NPMASS, ADA)

2015-2016

R&D development #1:  Superhydrophobic poly -methyl -
silsesquioxane pinned one dimensional ZnO nanostructures
for water remediation through photo -catalysis

In this work we have developed ultradense high aspect ratio Z0©
nano-forest like structures and explored their potential as phote
catalysts. The films formulated are superhydrophobic (contac|
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angle=154d) in nature and have been evaluated as containing a hi
density of oxygen defects in the crystalline state of thenD (as
validated through photoluminescence measurements). The sample
were found to possess enhanced photoatalytic properties, as
measured through a dye degradation process using an WXis
spectrophotometer. These photecatalytic properties may be due to
the high defect density and also the enhanced area of the interacti
surface as one goes from nanparticles to nanorod like structures.
The paper gives an insight into highly unique carpeted nanwire
bundles of ZnO and offers immense utility to the r@ization of high
efficiency remediation filters. (Sponsored by DST WTI)

R&D development #2: Solar light -based degradation of organic
pollutants using ZnO nanobrushes for water filtration

In this work, we report an effective water filtration systembased on
the photocatalytic performance of semiconducting dense nand
brushes under natural sunlight. During thinfilm photocatalysis,
which is usually performed by a deposited layer of photocatalyst,
stagnant boundary layer is created near the catalyst kich
adversely affects the rate of adsorption because of diffusions
restrictions. Furthermore, it is useful to fabricate a structured filter
element for the passage of water with the use of nanostructure
protruding out of the surface. Herein, dye remediton is performed
by solar means. This remediation was initially limited to a lowe
efficiency because of diffusional restrictions but has now become
fast process due to microhole incorporation in the filter materials
with protruding dense nanostructures. Theoretical analysis predicts
that there is an optimal film thickness that yields the maximum
adsorption and also a highly nonlinear behaviour of diffusivity with
respect to the fraction adsorbed. The effect of increased surface ar
due to microholes onthe fraction adsorbed is also investigated ang
it is found that there is an optimum value of hole diameter fo
maximum adsorption. (Sponsored by DST WTI)

R&D development #3:

In this study, we have synthesized Co304 nanobelts via a simy
solid-state process and further integrated with nancaluminum
(nAl) to realize novel bulk nanoenergetic systems of Co304/nA
.The heat of reaction and combustion performance of these nan
energetic found and the combustion froriwave speed and
pressureztime characteristics measurements indicate a nane
energetic system that is able to develop mild peak pressure (12.6
20 MPa) and pressurization rate (0.08 to 0.14 MPa nig having a
characteristics of low gas generation, which can be harnessed in Ig
intensity pressure-pulse based microporation of soft matters like
bacterial cells without any lysis. The material is being utilized tg
developed a handheld gene transfector system within bacterial
cells at efficiency similar to heat shock method. (DST, SERB)
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Figure #1: Early Dengue DetectioTechnology passed clinical validation and is currently
awaiting marketing license
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Figure #2: Plant commissioned at Jaipur Textile Patkased on photocatalytic treatment
of textile effluents
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GasHydrate Research Laboratory

Laboratory Coordinator: Dr. M. K. Das
Associated Faculty Members (if any): P. K. Panigrahi

List of Major Equipment:

1 High-pressure, Optically Accessible, Gas Hydrate Diagnostic System
1 High Performance Computing System

Brief description of the laboratory:

The research work in lab intendsto enhance the gas hydrate formation rate for gas storage and
transportation application. A high-pressure pilot-scale reactor to simulate the field scale hydrate
formation morphology is developed in the labThe reactor is made of stainless steel (SS 316j)th

a maximum design pressure of 180 bar. The cylindrical reactor has an internal diameter of 232
mm and a height of 622 mm with a total volumetric capacity of 25 L. There are four circular optical
windows (made of sapphire) with a diameter of 50 mm and dhickness of 25 mm for visual
observation of hydrate growth inside the reactor It is the largest reactor in India dedicated to gas
hydrates. Since the hydrate formation is a very slow process and gas storage capacity is also very
low. So, a chemical promtor to enhance the hydrate formation rate for a possible industrial
application is developed. Doing an experiment in such a large reactor is very difficult because it
consumes a lot of time and cost. So, for doing cost effective experiment and shortinge th
experimental time, a new setup is also developed.

Laboratory research keywords:

Gas hydrate formation, gas storage and transportation, &equestration, THF hydrate formation,
nanofluid synthesis, sea water desalination, cyclopentane hydrate formation.

Major Research and Development Contribution of the Laboratory

Year Major research and development activity

9 Study focuses on the synthesis of a hybrid nanofluid (€Al LDH) and
the investigation of its effectiveness as a promoter for GChydrate
formation.

1 The hydrate formation experiments are conducted in a pilescale
reactor of 25 L volume with a design pressure of 180 bar. The wall

9020-2021 OAi PAOAOOOA 1 &£ OEA OAAAOGI O EO O
carried out in both single and dual stge at the maximum pressure of
30 bar.

1 The presence of LDH nanofluid significantly enhances hydrate kinetic
and maximum 176.19% increase in gas consumption compared to pu
water.

9 Study investigates the influence of surfactant crowding ohydrate
growth and detachment of hydrate crystal from the interface in a
2019-2020 droplet-based configuration.

{ Experiments are conducted under a constant subcooling of°&
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water pool.

Hydrate growth witho ut surfactant involves lateral growth followed by
radial growth and the present of surfactant crowding encourages the

radial hydrate growth and impedes lateral hydrate growth.

2018-2019

Carbon dioxide hydrate formation is carried out to understand the
kinetics of CQhydrate formation in porous media for the application
of CQ sequestration.

CQ hydrate is formed in silica sand with particle size of 9600 um
having porosity 38%. The operating temperature and pressure are sel
at 275.35K and 3.5MPa respeately.

The results shows that the final water to hydrate conversion and
hydrate saturation are 25.03% and 27.53% respectively at the end of
the hydrate formation experiment.

2017-2018

The objective of this work is to investigate the Tetrahydrofuran(THF)
hydrate formation in a cylindrical reactor.

THF hydrate experiments are done at two different THF
concentrations 19.06% and 30%.

The hydrate growth rate is mostly controlled by heat transfer
phenomena at 19.06% THF concentration and mass transfeffect is
eliminated at that concentration.
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Figure #1. Schematic of the experimental setup for the study of the €@ydrate formation
process

| (a) c=0.25 wt% l
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Figure #2: Visualization of C@ hydrate growth process at different CuAl LDH nanofluid
concentrations (c = 0.25, 0.5, and 1.0 wt %) for (Cu2Ai3+: Na+ = 4:1:4) molar ratio.
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Figure #5: CQ hydrate dissociation visualization with time during the hydrate dissociation
process
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Combustion and Energy Conversion Systems Laboratory

Laboratory Coordinator: Dr. Santanu De

List of Major Equipment:

1 Nd:YAG Laser with Chiller (Edgewave 1 36 kW Inline Air Heater
1S200) .
9 Electric heater (8 kW)
I Tunable Dye Laser (Sirah Credo) _
1 Air pre-heater
T CMOS Camera (Phantom VEOG640) _ _
9 Steamboiler with superheater
1 Gen Il Image Intensifier (Lambart ]
HiCatt2) 1 Coal pulverizer
f Mass flow controllers (Alicat, 1 Muffle furnace
Linetech, Qty: 8) q Water Chiller
T Photomultiplier Tube (Thorlab) { Optical table (Newport)
1 Gaschromatograph (Nucon) 1 Peristaltic Pump
' Air compressor (Atlas Copco)  Experimental rig of DFB gasifier
T Air dryer (Summit)  Lab-Scale Liquid Fuel Combustor
' Air dehumidifier (Bryair) ¢ Lab-Scale Lean Premixed Gas Turbine
Combustor

Brief description of the laboratory:

Major research activities of the CECS laboratory can be classified under the following three
verticals:

Modelling of turbulent reactive flows: Robust and computationally efficient models for
turbulent combustion (flamelet, POF, MMC methods) based on RANS/LES are being developed
and applied to different nonpremixed, premixed, and partiallypremixed flames of gaseous and
liquid fuels.

Application of optical diagnostics tool to turbulent flames:  This involves using different lne-
of-sight and planar measurement techniques for flame visualization. The applications involve
chemiluminescence and timeresolved planar laserinduced fluorescence imaging of flames and
gas turbine combustors

Coal and biomass gasification: Fluidized bed gasification of highash coal and biomass (rice
husk, straw, etc.) is being performed to produce syngas. The active research areas include
optimizing operating parameters, hot cleaning of syngas, and membrane separation ofdahd CQ
capture.

Laboratory re search keywords:

Turbulent combustion; Spray combustion; Modeling of turbulent reactive flows; Gas turbine
combustion; Laserbased optical diagnostics; Coal and biomass gasification; Fluidization, H
separation
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Major Research and Development Contribution of the Laboratory

Year

Major research and development activity

2020-2021

Time -resolved planar laser -induced fluorescence (PLIF) facility: We have
developed a stateof-the-art combustion diagnostics facility with a time
resolved planar laserinduced fluorescence (TRPLIF) facility. The PLIF facility
is being used to investigate many complex and transient turbuleneghemistry
interaction phenomena in turbulent flames, gas turbine combustors, etc.

Development of lean premixed gas turbine combustor: A leanpremixed,

swirl -stabilized gas turbine combustor is developed with multiple injection
ports. The combustor is commissioned and operated with blend of CNG anc
H,. Chemiluminiscence and THLIF experiments are being performed.

Flow-blurring atomizer: A flow-blurring atomizer is developed, and its spray
is visualized based on the Miescattering technique. Significant improvement
in atomization is found compared to conventional liquid fuel ceaxial atomizer.
Further characterization of the atomizer is being conducted for macroscopi
and microscoping spray characterization.

A fully dynamic mixing timescale model for the sparse Lagrangian
multiple mapping conditioning approach : A novel variant of the minor
mixing timescale model in MMELES, referred to herein as dyalSO, is
proposed, and its performance is assessed by simulating the canonic
partially premixed, piloted flame series of Sandia exhibing increasing levels
of local extinction. The coefficients for modelling the suhagrangianfilter
scale scalar variance and scalar dissipation rates are dynamically model
using local scalar field values. The new dynamic mixing timescale model col
accurately predict the extinction and reignition phenomenon, requiring the
micro-mixing model to produce the correct compositional fluctuations
controlled by the minor mixing timescale model in the MMC method.

Effects of drag and subgrid -scale turbulence m odeling on gaszsolid

hydrodynamics of a pilot -scale circulating fluidized bed: 3-D, full loop, LES
of a circulating fluidized bed are conducted using EE approach. Effects of dr
and sgs turbulence models are investigated. Results are validated agail
measurements from an inhouse pilotscale model. The influence of change |
the riser diameter is more pronounced for EMMS models. The hybrid EMN
drag model and sgsTKE model made the most accurate predictions.

Energy, Exergy and Cost Analysis and Optimizati on of Hybridized Solar
Power Tower Plant: The performance of a hybridized solar power tower
(SPT) plant in reatworld scenarios is assessed, which has a norfacing HF
that reflects and focuses light on a central cavity receiver. A combined cy(
plant based on a close loop Helium Brayton cycle and two R123 orgar
Rankine cycles is simulated with a thermal energy storage system. An ener
and exergy evaluation of the entire model is being conducted to examine tk
performance of various components.

2019-2020

Design and development of a pilot -scale bubbling fluidized bed gasifier

for high ash coal: Autothermal gasification of highash (>45%) coal is
conducted in a fluidized bed. The highest cold gas and carbon conversi
efficiencies are 48% and 85%, respdively. A maximum value of syngas HH
of 3 MJ/Nn® is obtained during air-steam gasification. An optimum range o
steam/coal ratio is found in the range of 0.190.28, which maintains bed
temperature in the range of 8069003 . Despite having low alkali content in
ash, agglomerates form due to local hotspots. At low fluidization number
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agglomerates are formed due to local hotspots, as the collected ash sample
small alkali content.

Investigation of cold flow hydrodynamics in a dual fluidized bed for
gasification of high -ash coal: A compact DFB model with short riser ig
proposed for gasification of highash coal. The bottom bed of riser is operate
in BFB and FFB regimes using primary aeration. Effect of tred and inbed
solids discharge from BFB to the riser is investigated. The role of seconda|
aeration on solids circulation and solids holdup is studied.

Investigation of hydrodynamics and segregation characteristics in a dual
fluidized bed using the binary mixture of san d and high-ash coal: A
compact dual fluidized bed with a short riser has been investigated. Effects
unary sand and polydisperse coal/sand binary mixture are investigated. Ga
leakage is examined for single chamber peteal and double chamber loop
seal.A hydrodynamic model is established to predict axial solids holdup in th
riser.

Numerical investigation of cold flow hydrodynamics in an internally
circulating dual fluidized bed for coal gasification: Cold flow
hydrodynamic study of a full loop, threedimensional internally circulating
dual fluidized bed (ICDFB) for coal gasification has been carried out using
EulerianzEulerian approach. The ICDFB system consists of a central riser g
an annular bubbling fluidized bed (BFB) placed concentrically an
interconnected by a solids separator and a loop seal. A sensitivity study
various operating parameters that potentially influence solids distribution
and recirculation rate has been conducted. The riser gas superficial veloci
and loop-seal aeration rateare found to be the major controlling factors of
solids recirculation rate.

Large eddy simulation of biomass gasification in a bubbling fluidized bed

based on the multiphase particle -in-cell method: A hybrid EL solver is
developed for gassolids flows basd on MRPIC framework. Gasification of
rice husk in a bubbling fluidized bed is performed. The solver could captur
transient flow characteristics of gassolids flows. Product gas compositiong
show a good agreement with the experimental measurements. Effts of
temperature, steamto-biomass ratio, and equivalence ratio are studied.

LES of a lifted methanol spray flame series using the sparse Lagrangian
MMC approach: Two-phase multiple mapping conditioning / large eddy
simulation (MMC-LES) is applied for tte first time to lifted spray flames on a
vitiated coflow burner. Three flames with different inlet fuel mass loading are
investigated. MMCLES uses a hybrid EuleriathagrangianLagrangian
approach for the evolution of gasphase flow, stochastic particlesand liquid
fuel droplets, respectively. Two distinct flame base stabilization phenomen
are observed, namely a flat flame base spreading across the central region
the jet at low and intermediate fuel loading cases, and an annular flame ba
in the shearlayer that surrounds a cold central jet region, a characteristic o
autoignition due to entrainment of hot oxidizer from the coflow for the
highest fuel loading case.

2018-2019

Numerical investigation of flow and scalar fields of piloted, partially -
premixed dimethyl ether/air jet flames: The computed conditional and
unconditional statistics based on the RANStochastic MMC approach
demonstrate an excellent agreement with the avéble experimental data,
even for flame displaying a large degree of local extinction and-ignition. For
these flames, radical species distribution conditioned on mixture fractior
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confirms the physical separation between the OH and G8 species, which wa
earlier reported wusing simultaneous laserinduced fluorescence
measurements of these radicals. A distinct separation between these radice
becomes evident at downstream locations where the scalar dissipation rat
decreases. For the flames investigatedehe, a strong correlation is noticed
between the peak heat release rate and the reaction rate indicatdY, based
on the product of concentrations of OH and G radicals.

Numerical simulation of lifted DME jet diffusion flames using sparse
Lagrangian MMC approach: A series of simulations are performed for
different coflow temperatures (1275 z 1500 K) for pure DME jets issued in g
vitiated co-flowing oxidizer stream consisting of products from a lean
premixed H2-air combustion. The variation in the lif-off height (LOH) has
been captured adequately and the reported trend agrees with th
experimental data. Further, the flame structure has been analyzed in terms
the conditional scatter data of OH and GI® radicals. In these flames, OH
formed in the shear layer of the jet and the coflow, whereas G# is found in
the fuel-rich region of the jet. Near the flame base, OH and ffHare found to
significantly overlap with each other, whereas a distinct separation is notice
downstream of the flame base.

LESFPV approach for kerosendueled scramjet engine

Numerical Investigation of Steady and Unsteady Combustic
Phenomena in a 100 kW Micro Gas Turbine

Large eddy simulation of biomass gasification in a bubbling fluidized be
based on the multiphase partite-in-cell method

2017-2018

RANSbased stochastic MMC approach of auto-igniting turbulent lifted
CHy/air jet diffusion flames in a vitiated co -flow: In MMC, the concept o
the mapping function is used, which approximates the cumulative probability
distrib ution of the major scalar, namely mixture fraction for nonpremixed
combustion. The corresponding variance of the major scalar is modelled [
choosing a standard implementation of the major mixing time scald
modelled in terms of the turbulent time scale ag T 76 . The same major
mixing time constant ¢ o8t is used for all simulations. Additionally, in
MMC, a minor mixing timescald is introduced, which controls fluctuations
of scalars relative to the major fluctuations via the minor mixing time
AT 1 06 AT Threeldifferent values o T T e o wendm®
are used and the corresponding ratios of minor to turbulent time scales ar
T Tt 0.083, 0.116 and 0.166, respectively.The conditional and
unconditional reactive scalar fields are highly dependent on the choice of
and hence the ratio of the minor and major mixing time scales. The variatig
in lift -off height is in good agreement with the experimental data for the eie
range of coflow temperature foro ] U

Hydrodynamics Study of Fluidized Bed Gasifiers Using an Euleri&ulerian
Approach

Aerodynamic design optimization of a centrifugal compressor impeller fo
micro gas turbine

Numerical Simulations of Turbulert Lifted Jet Diffusion Flames using
Stochastic Multiple Mapping Conditioning Approach

, %3 A AYonodel for primary atomization using Eulerian stochastic fields
approach
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2016-2017

Numerical simulations of turbulent lifted jet diffusion flames in a
vitiated co -flow using RANS-based stochastic MMC approach: Lifted
turbulent jet diffusion flames of H2/N2 issued into a hot coflowing stream of
combustion products from a lean premixed bfair mixture are simulated
using RANSMMC approach. The MMC approach emulates largeale
turbulent fluctuations by using a reference variable, mixture fraction. The
modified Curl's model has been adapted to model the micnmixing term. The
computed results from the present simulations are in excellent agreemern
with the available experimental data. The flame lifoff heights obtained using
the minor mixing time constantd = 0.25 are found to be in close proximity
with the experimentally observed valuesfor the entire range of coflow
temperatures.

Numerical modeling of turbulent premixed combustion using RANS -
MMC approach: The Sydney piloted premixed jet burner (PPJB) operating i
the distributed combustion regime has been considered for model validatior]
The reaction progress variable is chosen as the reference variable in RAN
MMC of premixed combustion. The stochastic MMC solver has been fU
integrated with the RANS flow solver. Computed radial profiles of the mea
axial velocity and species mass frdions agree with the available experimental
data. In some instances, the RAN8MC model matches the experimental dat
better than the results obtained from other stateof-the-art turbulent

combustion models.

2015-2016

Flame stabilization of turbulent lift ed H, flames in vitiated coflow using
RANSCMC approach: H; flames in vitiated coflow is simulated. RAN&EMC
approach is used to study flame stabilization. Effect of jet velocity, coflo
velocity, coflow temperature and mixing is studied.

Development of an OpenFOAM-based solver for SCRAMJET combustion:
Large eddy simulations for a hydrogerfuelled DLR scramjet combustor have
been performed using the dynamic Smagorinskey model with the Lagrangizg
averaging technique. Both nofreacting and reacting cases have bee
investigated. The physical configuration corresponds to the scramje
combustor experimentally investigated at the Institute for Chemical
Propulsion of the German Aerospace Center (DLR). Faxaigeraged transport
equations for mass, mmentum, energy and species concentrations are solve
using a finite volume discretization scheme in OpenFoam. The singdeep
global reaction is used for the partially stirred reactor (PaSR) combustio
model. Numerical results for timeaveraged pressure,émperature, and axial
velocity are compared with experimental data at different crossections of
the combustor.
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Figure #1: MMGLES of methanol spray flames: Instantaneous temperature of stochastic particles
clipped at the mid-plane (left), flame lift-off height vs. fuel mass loading (rightop), spray AMD and SMD
distribution (right -bottom) (Sharma et al., 2021, Proc. Combust. Inst. 38 (2), 338407)
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Figure #5: A schematic diagram of timaesolved planar laserinduced fluorescence (PLIF) setup (left),
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Figure #6: OH chemiluminescence images of a lean premixed combustor: average images at different
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events (bottom row)
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Robotics Laboratory (Centre for Mechatronics )

Laboratory Coordinator: Dr. Mangal Kothari (AE Dept)

Associated Faculty members: Dr Anjali Kulkarni, Dr Ashish Dutta, Dr Bishakh
Bhattacharya, Dr Bhaskar Dasgupta, Dr K S Venkatesh, Dr Mangal Kothari and others from
ME. EE, CSE, and AE Depts.

List of Major Equipment:
1 Several manipulators, mobile vehicles etc.

Brief description of the laboratory:

Please prowde a brief description of the laboratory in about 810 lines, focusing on the main thrust
area of the laboratory activities.

Centre for Mechatronics is actually not an exclusive laboratory of the ME Dept, though

preponderantly associated with it for seweral administrative aspectslt is an interdisciplinary
center for research in which faculty and students engaged in robotics activities (including PG
theses, UG projects and intecollege contests like robocon etcparticipate and interact.

Laboratory research keywords (8 -10):

Robotics, Mechatronics, Mobile vehicles.

Major Research and Development Contribution of the Laboratory

Year Major research and development activity

1 AnalyticalFormulation of Algorithms for Analysis and Motion Planning of
Redundart Manipulators.

1 DomainMappingalgorithm with potential applicationsin solidandsurface
modelling for motion planning, docking and meshgeneration.

1 Formulations for Enumeration and Synthesis of Robot Manipulators for
Optimized Input-Output Motion/Force Transformation.

1 A Variational Formulation and Optimizationbased Solution Procedure for
Governing Equations of Physical Systems with Alternative Cortia

2015-2021 Conditions

1 A Methodology for Volumetric Modelling of SolieSolid Infringement for
the Planning of Robot Motion or Machine Assembly

1 A Smoothening Algorithm for the Optimization of Nordifferentiable
Objective Functions

Note: The above indicates the resech under the guidance of Dr. Bhaskar
Dasgupta (not the entire research of the Centre for Mechatronics). His work
has beenanalytical and algorithmic in nature, and developmental work
been few and far between, Figure #1 highlights one such work.
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Figure #1: The Snake Robot named VASUKRYersatileArticulatedSnake (robot)JUsing Knowledge
domain ofYantrika] developed at the Centre for Mechatronics for IGCAR.

A demonstration video can be accessedtabs://youtu.beflsa4ddHvlo

Note: My major research has been analytical and algorithmic in nature, and developmental work has
been few and far betweehhe above is one highlight
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IIT Kanpur Department of Mecharical Engineering

Robotics Laboratory (Centre for Mechatronics )

Laboratory Coordinator: Dr. Ashish Dutta (2017 7z 2021)
List of Major Equipment:

Robotsz PUMA, CRS for experiments.

Humanoid robotics platformsz Biloid , Kondo KHR.

Hand exoskeletons

14 DOF mobilemanipulator systems for space robotics experiments.
Mobile robotics kits for teaching and experiments.

Pneumatic artificial muscles for robotics applications.

EEG based Brain Computer Interface system.
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Brief description of the laboratory:
The laboratory caries our research in the three main areas of:
1 Design and control of Brain Computer Interface based hand exoskeletons for
rehabilitation of stroke patients.

1 Analysis, design and control of biped locomotion of humanoid robots for motion on 3D
terrain and for performing complex tasks.

1 Motion planning of Mobile manipulators systems like space rovers for space applications
on 3D terrain.

9 Applications of Machine Learning algorithms for control of robotic systems like hand
exoskeleton, space rovers, humanoid rolis, etc.

Laboratory research keywords:

Brain computer interface; Hand exoskeletons; biped locomotion; motion planning; machine
learning; mobile manipulator systems
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Major Research and Development Contribution of the Laboratory

Year

Major research and dev elopment activity

2020-2021

1

Brain computer interface-based algorithms for control of hand
exoskeletons for rehabilitation of stroke patients.

Motion planning of space rovers using machine learning algorithms

Humanoid robotics gait on deformablegerrains.

2019-2020

=]

Machine learning based control of biped robots for walk on 3D
terrain.

Optimal Design of Hand exoskeletons

Design of compliant legged robots for deduced impact while jumping
or falling.

2018-2019

Motion planning of space rover fodunar applications

Design of legged robots for walk on uneven terrain

2017-2018

BCI based control for robot human cooperation

Clinical trials for recovery of stroke patients.

2016-2017

Design of hand and leg exoskeletons.

Machine learning based algoritins for control of exoskeletons.

2015-2016

= =2 =4 =/ =4 =4 A =2

Design of compliant biped robots and their control.

Machine learning methods for motion planning in 3D.
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Figure #1: 14 DOF Lunar rover for space applications.
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Figure #2: BCI based handxoskeleton for rehabilitation of stroke patients.

Figure #3: Biped robot with compliance at the shanks.

96



