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CAREER OBJECTIVE

e To work in a healthy competitive growth oriented environment where performance is rewarded and to
contribute toward the goals of the institution and further develop my professional skills.
e To initiate and conceptualize new areas in the field of Engineering Education through dedicated academic and

research work.

e Staying appropriately networked and keeps abreast of trends, news, events and deadlines.

o Excellent Communication skill to present points precisely and clearly.

e Possess interest in Reservoir Engineering, Coal Bed Methane Production Technology, Fluid Mechanics,
Thermal Engineering, Strength of Material, Rock Mechanics, Soil Mechanics

e To be involved in Research and Development, Innovation, to create Patent, Projects etc.

ACADEMIC QUALIFICATION

Ph.D.
University/College
Research Area
Title

Research Type

B.E

Department
University/College
Aggregate Mark
X1l

Board/School
Aggregate Mark
X

Board/School
Aggregate Mark

2018

National Institute of Technology, Rourkela-769008

Mechanical Properties of Coal (Coal Bed Methane Technology)

Estimation and Simulation of Gas Permeability as well as Stress-Strain behaviour of
some Indian Coal Seam

Coal Characterization, Adsorption/desorption Characterization,
Characterization and Reservoir Modeling and Simulation

2008 — 2012

Mechanical & Production Engineering

Sathyabama University/Sathyabama University ,Chennai-119

82% (First Class with Distinction)

2005 - 2007

B.S.E.B/Laloo Mandal College, Gaya, Bihar

60.1% (First Class)

2003

C.B.S.E/S.K.P.V.V, Rajpur, Banka, Bihar

69% (First Class)

Permeability

PROFESSIONAL EXPERIENCE

Teaching and Research Experience

o Lecturer in Department of Mechanical Engineering, Raajdhani Engineering College, Bhubaneswar, Odisha
(October, 2012 to March, 2013)

Research Scholar (Mechanical Behavior of Coal and its Application in Coal Bed Methane) in Department of

Mining Engineering, N.I.T., Rourkela, Odisha (April, 2013 to July, 2017)

Assistant Professor in Department of Mechanical Engineering, MITS, Madanapalle, Chittoor District, Andhra

Pradesh (Oct., 2017 to Jun., 2018)

Mentor for Online Certification Course, Introduction to Composites, NPTEL, SWAYAM, IIT Madras (Jan.
2018 to Jun. 2018)

Assistant Professor in Department of Petroleum and Earth Sciences, UPES, Dehradun, Uttarakhand (Aug.
2018 to Continuing ....)
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International Journal (published)
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11.
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Harinandan Kumar (First and Corresponding Author), S. Ravi Kumar “An approach to CO, capture
technology for Mitigating Global Warming and Climatic Change - An Overview”, DOI:
10.1109/RSTSCC.2010.5712870, IEEE Explore, pp. 364-371, 2010. (Scopus Indexed) (Citation 5),
DOI: 10.1109/RSTSCC.2010.5712870
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Bed Methane Potentiality” Procedia Earth and Planetary Science, Science Direct, Vol. 11, pp. 38-48,
2015. (Scopus Indexed) (Citation 9), https://doi.org/10.1016/j.proeps.2015.06.006

Harinandan Kumar (First and Corresponding Author) and M. K. Mishra, “Optimization and
Evaluation of Fly Ash Composite Properties for Geotechnical Application” Arab. Journal of Geo-science,
Vol. 8, pp. 3713-3726, 2015. (SCI Indexed) (Citation 5), Impact Factor: 1.3,
https://doi.org/10.1007/s12517-014-1502-z

Harinandan Kumar (First and Corresponding Author), M. K. Mishra, and S. Mishra, “3D Modelling
of Coal Deformation under Fluid Pressure using COMSOL Multiphysics”, Journal of Engineering
Science and Technology Review. Vol. 10, pp. 62-69, 2018. (Scopus Indexed) (Citation 1),
doi:10.25103/jestr.106.09

Harinandan Kumar (First and Corresponding Author), M. K. Mishra, and S. Mishra, “Laboratory
Investigation of Gas Permeability and its Impact on CBM Potential”, Journal of Petroleum Exploration
and Production Technology, Springer, Vol. 8, pp. 1183-1197, 2018. (SCI Indexed) (Citation 6) Impact
Factor: 0.3, https://doi.org/10.1007/s13202-017-0425-0

Harinandan Kumar (First and Corresponding Author), M. K. Mishra, and S. Mishra, “Effect of
Permeability and Geo-mechanical Properties on Coal Matrix During CBM Production — An Overview”,
Journal of Engineering Science and Technology Review, Vol. 11, pp. 160-173, 2018. (Scopus Indexed)
(Citation 7), doi:10.25103/jestr.112.22

M. Muralidhar Singh, Harinandan Kumar (Corresponding Author), G. Hemath Kumar, P. Sivaiah, K.
V. Nagesha, K. M. Ajay, G. Vijaya, “Determination of Strength Parameters of Glass Fibers Reinforced
Composites for Engineering Applications”, Journal of Silicon, Vol. 12(1), pp. 1-11, 2019. (SCI Indexed)
(Citation 6) Impact Factor: 1.49, https://doi.org/10.1007/s12633-019-0078-3

Harinandan Kumar (First and Corresponding Author), M. K. Mishra, and S. Mishra, “Sorption
capacity of Indian coal and its variation with rank parameters”, Journal of Petroleum Exploration and
Production Technology, Vol. 9, pp. 2175-2184, 2019. (SCI Indexed) (Citation 2) Impact Factor: 0.3,
DOI1:10.1007/s13202-019-0621-1

Muralidhar Singh M., Harinandan Kumar (Corresponding Author), G. Hemath Kumar, P. Sivaiah, K.
V. Nagesha, Ajay K M, Vijaya G, “Evaluation of Multilayer Thin Film Coatings for Solar Thermal
Applications”, Arabian Journal for Science and Engineering. Vol. 44, pp. 7789-7797, 2019. (SCI
Indexed) Impact Factor: 1.71, DOI1:10.1007/s13369-019-03904-9

Harinandan Kumar (First and Corresponding Author), M. K. Mishra, and S. Mishra, “Experimental
and numerical evaluation of CBM potential in Jharia Coalfield India”, Geomechanics and Geophysics for
Geo-Energy and Geo-Resources, Vol. 5 (3), pp. 289-314, 2019. (SCI Indexed) (Citation 6) Impact
Factor: 2.224, DOI:10.1007/s40948-019-00114-3

K. V. Nagesha, Harinandan Kumar (Corresponding Author), M. Muralidhar Singh, “Development of
statistical models to predict Emission rate and Concentration of Particulate Matters (Pm) for drilling
operation in opencast mines”, Journal of Air Quality, Atmosphere & Health, Vol. 12, pp. 1073-1079,
2019. (SCI Indexed) (Citation 1) Impact Factor: 2.87, DOI:10.1007/s11869-019-00723-7

Upendra Singh Yadav, Harinandan Kumar (Corresponding Author), Vishnu Roy, Saurabh Juyal,
Anurag Tripathi, Anveshika Shanker, “Experimental evaluation of partially hydrolyzed polyacrylamide
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14.

15.

16.

17.

18.

19.

20.
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and silica nanoparticles solutions for enhanced oil recovery”, Journal of Petroleum Exploration and
Production Technology, Vol. 10, pp. 1109-1114, 2019. . (SCI Indexed) (Citation 3) Impact Factor: 0.3,
DO1:10.1007/s13202-019-00749-8

Harinandan Kumar (First and Corresponding Author), Upendra Singh Yadav, Subhash Kumar,
Kishan Kumar, Ravi Yadav, Anveshika Shanker, Anurag Tripathi, Gitiksha Khandelwal, “Comparative
study of coal rocks compressive behaviors and failure criteria”, Arabian Journal of Geosciences, Vol.
12(23), pp. 710, 2019. (SCI Indexed) (Citation 1) Impact Factor: 1.3, DOI1:10.1007/s12517-019-4914-

y

P Sivaiah, Venkata Ajay Kumar G, Muralidhar Singh M, Harinandan Kumar, “Effect of novel hybrid
texture tool on turning process performance in MQL machining of Inconel 718 superalloy”, Journal of
Materials and Manufacturing Processes, Vol. 35, pp 61-71, 2019. (SCI Indexed) (Citation 20) Impact
Factor: 3.046, https://doi.org/10.1080/10426914.2019.1697444

Upendra Singh Yadav, Harinandan Kumar (Corresponding Author), Vikas Mahto, “Experimental
investigation of partially hydrolyzed polyacrylamide—hexamine—pyrocatechol polymer gel for
permeability modification”, Journal of Sol-Gel Science and Technology, Vol. 94, pp. 335-346, 2020.
(SCI Indexed) (Citation 1) Impact Factor: 2.008, DOI:10.1007/s10971-020-05248-5

Koneti Nagesha, Harinandan Kumar (Corresponding Author), Muralidhar Munisingh, “Influence of
rock properties on emission rate of Particulates Matter (Pm) during drilling operation in surface mines”,
Iranian Journal of Earth Sciences, Vol. 13, pp. 14-20, 2020. (Scopus Indexed) Impact Factor: 0.81

Muralidhar Munisingh M., Harinandan Kumar (Corresponding Author), P. Sivaiah, “Alumina Thin
film Coatings at Optimized Conditions using RF Magnetron Sputtering Process”, International Journal of
Thin Films Science and Technology, Vol. 10, pp. 13-30, 2020. (SCOPUS Indexed) Impact Factor:
0.15, doi:10.18576/ijtfst/100103

Harinandan Kumar (First and Corresponding Author), Muralidhar Munisingh M., P. Sivaiah,
“Characterization of Aluminium and Alumina Thin Films Coatings using different Deposition Methods
for Enhancement of Optical Properties”, International Journal of Materials Engineering Innovation,
Accepted, 2020. (Scopus Indexed) Impact Factor: 0.9

Prashant Saini, Harinandan Kumar (Corresponding Author), Tarun Gaur, “Cement bond evaluation
using well logs: A case study in Raniganj Block Durgapur, West Bengal, India”, Journal of Petroleum
Exploration and Production Technology, Vol. 11, pp. 1743-1749, 2021. (SCI Indexed) Impact Factor:
0.3, DOI https://doi.org/10.1007/s13202-021-01151-z

Harinandan Kumar (First and Corresponding Author), M. K. Mishra, S. Mishra, Muralidhar Singh
M., D. K. Srivastava, “ Determination of Methane Sorption Capacity using microstructural analysis in
coal of Jharia Coalfield, India”, Arabian Journal of Geosciences, Vol. 14, pp. 690, 2021. (SCI Indexed)
Impact Factor: 1.3, DOI:10.1007/s12517-021-07051-0

Nirlipta Priyadarshini Nayak, Harinandan Kumar (Corresponding Author), Shivani Bhist,
“Application of Hydraulic Flow Unit for Prediction of Flow Zone in Carbonate Reservoir”, Arabian
Journal of Geosciences. Vol. 14, pp. 677, 2021. (SCI Indexed) Impact Factor: 1.3, DOI
https://doi.org/10.1007/s12517-021-07052-z

Muralidhar Munisingh M., Harinandan Kumar (Corresponding Author), P. Sivaiah, “Evaluation of
Mechanical Properties of Glass Fiber-BMPM/DABAPMC Composite”, Transactions of the Indian
Institute of Metals, Accepted, 2021. (SCI Indexed) Impact Factor: 1.2, DOI:10.1007/s12666-021-
02314-6

International journal (Communicated for publication)

1.

2.

Harinandan Kumar, Muralidhar Singh M, Nirlipta Priyadarshini Nayak, Dilip Kumar Srivastava,
“Development and Characterization of Fly Ash-BFS-Cement Composite for Engineering Applications”,
Australian Journal of Structural Engineering. (Scopus Indexed) (Under Review)

Harinandan Kumar, Nirlipta Priyadarshini Nayak, Ashish Aggarwal, Muralidhar Singh M.,
“Geomechanical Characteristics and Failure Analysis of the Limestone Slope at Sahastradhara-Chamasari
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Road Dehradun Uttarakhand India”, Journal of Mountain Science. (SCI Indexed) (Under Review)

International Conference (published)

1.

Harinandan Kumar, S. Mishra, and M. K. Mishra, “Experimental Evaluation of Geo-mechanical
properties of Coal using Sonic Wave Velocity”, International Conference on Advances in Agricultural,
Biological & Environmental Sciences, July 22 - 23, London (UK), 2015. [Best Paper Award] (Citation
7)

Harinandan Kumar, S. Ravi Kumar, “Keep Working after Sundown by Energy Storage from Solar
Power - An Overview”, International Conference, GTEC - 2011. [Best Paper Award]

National Conference (published)

1.

Harinandan Kumar, S. Ravi Kumar, “An Innovative Approach to Save Energy in Converting Solar
Power to Hydrogen Fuel” National Conference on Trend in Renewable Energy Sources, Applications &
Climatic Change, July 23 - 25, 2010. [Best Paper Award]

Harinandan Kumar, S. Ravi Kumar, “A review of FSW Mechanical Property Study of Aluminum Based
Composite”, Aagma - 10, NLTPC, Sept. 17 - 18, 2010. [Best Paper Award]

Harinandan Kumar, M. K. Mishra, S. Mishra, K. T. Parida, ‘“Petrographic and Dynamic behaviour of
coal for CBM production in Jharia coal field”, National Seminar on Recent Practices and Innovations in
Mining Industry, NIT Raipur, Feb 19 - 20, 2016.

Harinandan Kumar, “Review of Experimental studies on Heat Transfer Augmentation”, National
Conference on Development in Mechanical Engineering — An Impact on Ecology and Environment,
March 09 - 10, 2013.

Harinandan Kumar, “Nitinol: A Smart Material of Advance Technology”, National Conference on
Development in Mechanical Engineering — An Impact on Ecology and Environment, March 09 - 10, 2013.
Harinandan Kumar, “Effect of Process parameter of Friction Stir Welding on Macro and Microstructure
of dissimilar material — An Overview”, National Conference on Process and Characterization of
Materials, Dec. 07 - 08, 2012.

Harinandan Kumar, S. Ravikumar, “Metallurgical study in Friction Stir Welding for Aluminum Alloy —
An Overview”, National Conference on Recent Trend in Manufacturing and Industrial Engineering, April
09 - 10, 2010.

Harinandan Kumar, S. Ravikumar, “A review of FSW microstructure studies on dissimilar Aluminum
Alloys”, National Conference on Emerging Trend in Mechanical Engineering, August 09 - 10, 2010.

Harinandan Kumar, M. K. Mishra, S. Mishra, “Laboratory Investigation of Gas Permeability and its
impact on CBM Production”, National Conference on Waste to Energy, Carbon Capture and Storage,
August 03 - 05, 2017.

PATENT/DESIGN GRANTED

Si. Name of the Title of the patent Application No. Date of Indian/ Author status Date of
No.  Author, and filing International 1st/ 2nd Grant Status
Designation patent Author
Utilization of Waste Poly
01 Harinandan Ethylene Bags and Fly Ash for 201841017716 A 11/05/2018 Indian Patent Sole Inventor ~ 27/01/2021 Granted
Kumar Engineering
Application
New Design of Portable and Application
02 Harinandan Detachable Vice for Number: 07-08-2019 Indian Patent Sole Inventor Granted
Kumar Engineering Application 320476-001 05/02/2021
Cbr Number:
14969

BOOK CHAPTER PUBLISHED
Mohit Hemath, Arul Mozhi Selvan Varadhappan, Hemath Kumar Govindarajulu, Sanjay Mavinkere Rangappa,
Suchart Siengchin, Harinandan Kumar, “Mechanical and Physical Test of Hybrid Fiber Composites”, Hybrid

Fiber

Composites: Materials, Manufacturing, Process Engineering, Print ISBN:9783527346721, Online

ISBN:9783527824571, DOI:10.1002/9783527824571, Publisher Wiley, Published on 03 July 2020.



ACADEMIC IDENTITY

1. Vidwan-ID: 96793

2. Vidwan Score: 10

3. Orcid Id: 0000-0002-2682-4310

4. Scopus Id: 37036300000

5. Researcher Id: G-2690-2019

6. Google Scholar I1d: F2YBpJgAAAAJ

7. Microsoft Academic Search Id: 6977e338-314f-490f-a02e-511a98e7a51d

ONLINE TEACHING, LEARNING AND ASSESMENT SKILL
1. Blackboard

2. Kaltura

3. Code Tantra

4. Google meet, Zoom, Webex, Outlook Team etc.

PROFESSIONAL MEMBERSHIP
e Member of “Institute of Doctors, Engineers and Scientists”, (2186)
o Editorial Board Member of “Journal of Autonomous Intelligence”, 21 Serangoon North Avenue 5, #03-03

Ban Teck Han Building, Singapore (554864)

¢ Editorial Board Member of “Journal of Geological Research”, Bilingual Publishing Co., Singapore
o Reviewer of “Iranian Journal of Earth Science”, Department of Geology,Faculty of Science, Islamic Azad

University, 7th Elahiyeh Ave, Mashhad Branch, Mashhad, Iran.

REVIEWER OF RESEARCH PAPER IN INTERNATIONAL JOURNAL

Effect of cryogenic coolant on turning performance: A Comparative Study, International Journal of SN
Applied Sciences, Powered by Springer

Hydrocarbon production analysis in coal reservoirs coupling the matrix shrinkage effect caused by water
extraction, Arabian Journal of Geoscience, SCI and SCOPUS Indexed, Powered by Springer

Uniaxial Compression Experiment of CO2-bearing Coal Using the Visualized and Constant Volume Gas-
solid Coupling Test System, Journal of Visualized Experiments, SCI and SCOPUS Indexed, Powered
by Springer

Physical and thermomechanical characterization of the novel aluminum silicon carbide-reinforced polymer
nanocomposites, Iranian Polymer Journal, SCI and SCOPUS Indexed, Powered by Springer
Hydrocarbon generation potential evaluation of coal shale gas of Permo-Carboniferous in Jiyang
Depression, Journal of Geological Research

Origin and Thermal maturity Status of Niger Delta Source Rocks: Evidence from Saturate Biomarkers and
Organic Petrology, Iranian Journal of Earth Sciences, SCOPUS Indexed

Bituminous Coal Sorption Characteristics and its Modeling of the Main Coal Seam Gas Component,
Arabian Journal of Geoscience, SCI and SCOPUS Indexed, Powered by Springer

Experimental study on the influence of moisture content during gas depressurization extraction, Arabian
Journal of Geoscience, SCI and SCOPUS Indexed, Powered by Springer

Bituminous Coal Sorption Characteristics and its Modeling of the Main Coal Seam Gas Component,
Arabian Journal of Geoscience, SCI and SCOPUS Indexed, Powered by Springer

Experimental Research on Mechanical Properties of Granite at Different Depth in Beishan area of Gansu,
Geotechnical and Geological Engineering, SCOPUS Indexed, Powered by Springer

Analysis of the coal permeability evolution characteristics under loading conditions, Greenhouse Gases:
Science and Technology, SCI and SCOPUS Indexed, Powered by Wiley

Petrophysical Analysis and Flow Units Characterization for Abu Madi Pay Zones in the Nile Delta
Reservoirs, Arabian Journal of Geoscience, SCI and SCOPUS Indexed, Powered by Springer

ADMINISTRATIVE RESPONSIBILITY

Course Coordinator of UG Students

Activity coordinator of UG Students

Member of University Research Core Committee
DRC Member



Laboratory In charge

NAAC Accreditation Process
Students Placement Support
Students Internship Support

FIELD OF INTEREST
e Mechanical Characterization and Optimization
e  Stress Analysis
e Mechanical behavior of Composite Materials

SUBJECTS HANDLED
e  Engineering Mechanics (B.Tech Course)
e Advanced Strength of Materials (B.Tech + M.Tech Course)
e Mechanical behavior of Engineering Materials (B.Tech + M.Tech Course)
e Rock Mechanics (B.Tech + M.Tech Course)
Material Handling Systems (B.Tech + M.Tech Course)
Soil Mechanics (B.Tech + M.Tech Course)
Engineering Stress Analysis (B.Tech + M. Tech Course)
Theory of Metal cutting and Tool Design (B.Tech + M.Tech Course)
Finite Element Method (B.Tech + M.Tech Course)
Introduction to Composites (B.Tech + M.Tech Course)

SOFTWARE HANDLED
e AutoCAD (B.Tech Course)
e Creo-3.0 (B.Tech + M.Tech Course)
e Catia (B.Tech + M.Tech Course)
e Ansys (B.Tech + M.Tech Course)
Comsol (B.Tech + M.Tech Course)
Solid Work (B.Tech + M.Tech Course)
GEM Reservoir Simulation (B.Tech + M.Tech Course)
Design Xpert (B.Tech + M.Tech Course)
LISA (B.Tech + M.Tech Course)
Google Sketch up (B.Tech + M.Tech Course)

STUDENTS GUIDED

Programme Department No. of Students Year
Mechanical Engineering 5
Mining Engineering 8 2018
Geo Science Engineering 12
Mining Engineering 16 2019
B.Tech. Petroleum Engineering 18
Mining Engln_eerln_g 12 2020
Petroleum Engineering 8
Petr_ol_eum En_glnee_rlng 18 2021
Mining Engineering 6

WORKSHOP/SEMINAR/TRAINING PROGRAMME
1. One-day workshop on New Materials and Applications at Sathyabama University, Chennai, September
2010.
2. One-day workshop on Trends in Material Joining Technologies at Sathyabama University, Chennai,
September 2011.
3. Three days’ workshop on design of experiment: An optimization tool at National Institute of Technology,
Rourkela, December 2013.



4. Three days’® workshop on Multi-objective Optimization methods and Applications in Manufacturing at
National Institute of Technology, Rourkela, June 2014.

5. Two days’ workshop on Aesthetics of Scientific Documentation at National Institute of Technology,
Rourkela, July 2014.

6. Five days Executive Training Programme on Best Practice in Coalbed Methane Exploration and
Production (ETP: CBM E&P 2010) at Central Institute of Mining and Fuel Research, Dhanbad, Jan. 9-13,
2017.

7. Three days Exhibition on Research Scholars’ Week at National Institute of Technology, Rourkela, Feb.
21-23, 2017.

8. Three days Faculty Development Program on Outcome Based Education (OBE) at School of Engineering,
UPES Dehradun, May 25-27, 2020.

PATENTS
Si. Name of the Title of the patent Application No. Date of Indian/ Author status
No.  Author, and filing International 1st/ 2nd Remarks Status
Designation patent Author
Apparatus for determination of
01 Harinandan ~ CO,/CH,adsorption/desorption Published Under
Kumar capacity on intact as well as 201741039402 A 06/11/2017 Indian Patent Sole Inventor on Examination
powdered sample 17/11/2017
Jet Stream Turning Tool
02 Harinandan ~ Holder for Cryogenic Spray/Jet 201741043529 A 05/12/2017 Indian Patent Co-Inventor Published Under
Kumar cooling Application on Examination
15/12/2017
New Invention of low cost
creep testing machine with Published
03 Harinandan variable temperature and 201741046532 A 22/12/2017 Indian Patent Co-Inventor on Under
Kumar environmental conditions for 05/01/2018  Examination
composite material (PMMC)
Development of New Thermal Published
04 Harinandan Absorber Coatings for 201841005118 A 12/02/2018 Indian Patent Co-Inventor on Under
Kumar Enhanced Solar Application 16/02/2018  Examination
Apparatus for determining time
dependent deformation aswell 201911005534 A 12/02/2019 Indian Patent Sole Inventor Published Under
05 Harinandan as fracture propagation of on Examination
Kumar different rock specimens at 22/02/2019
variable temperature and
environmental conditions
06 Harinandan Cutting device for cutting 201911035138 A 30-08-2019 Indian Patent Sole Inventor Published Under
Kumar tubular work pieces on Examination
06/09/2019

PROJECT APPLIED IN GOVT. OF INDIA
e Harinandan Kumar (Pl), “Investigation of Adsorption/Desorption Characteristics and their effect on
Stress-Strain behavior during CO; Sequestration in Indian Coal”, Department of Science and Technology,

Govt. of India.
PERSONAL INFORMATION
Name : Harinandan Kumar
Father’s Name : Uday Narayan Choudhary
Gender : Male
Date of Birth 1 06 August 1988
Marital Status : Married
Nationality > Indian
Passport No 1 21725423
Place and Date of Issue of Passport : Patna, Bihar, India, 09/08/2012
Validity of Passport : 08/08/2022
Adhaar Card No. : 237982089999
PAN Card No. : CMFPK9696B
Languages Known : Hindi, English, Tamil and Odia
Permanent Address : S/O: Uday Narayan Choudhary,

Cement Shop, Near Post Office,
Kachari Road, Banka, Bihar - 813102. India
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ORIGINAL PAPER - PRODUCTION GEOPHYSICS
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Laboratory investigation of gas permeability and its impact on CBM
potential

Harinandan Kumar' - M. K. Mishra? - S. Mishra3

Received: 12 August 2017 / Accepted: 24 December 2017
© The Author(s) 2018. This article is an open access publication

Abstract

Gas permeability is an important characteristic of coal seam(s) to determine the economic success of CH, extraction and
CO, sequestration. There exists no comprehensive approach to predict the mechanical behaviour during CH, extraction,
and CO, sequestration as coal is highly heterogeneous. Exhaustive laboratory experimentation is often the only approach to
successfully predict its behaviour. Coal experiences triaxial stress conditions when change of force field occurs. This paper
presents the mechanical properties and change in gas permeability at varying confining as well as gas pressures in a triaxial
experimental set-up using Darcy’s approach. Mutual relations between permeability, in situ confining pressure as well as
gas pressure have been established statistically. A reservoir simulation investigation has been carried out to predict the rate
of coal bed methane (CBM) production and the cumulative amount of CBM over the 5-year life of production well.

Keywords CBM - Proximate and ultimate analysis - Mechanical properties - Permeability - Reservoir simulation

List of symbols G Modulus of rigidity

M Moisture content u Poisson’s ratio

A Ash content

VM Volatile matter

FC Fixed carbon Introduction

VM (d) Volatile matter (dry basis)

FC (d) Fixed carbon (dry basis) Coal permeability, porosity, cleat structure, adsorption/des-
VM (daf) Volatile matter (dry ash-free basis) orption of gases, in situ stress—strain of coal matrix are major
FC (daf)  Fixed carbon (dry ash-free basis) parameters that influence CBM production and CO, sequestra-
C Carbon tion. Permeability gives the general outlook of the flow behav-
H Hydrogen iour of gases in coal matrix. Percentage of gas saturation, gas
N Nitrogen rate and recoverability of gas from a reservoir is mainly deter-
S Sulphur mined by adsorption/desorption behaviour and permeability of
HCratio Hydrogen carbon ratio coal. Planning a successful pilot as well as production wells
R, Vitrinite reflectance depends on the permeability characteristics in coal (Moore
UCS Uniaxial compressive strength 2012). It is an important parameter necessary to model gas
E Elastic modulus flow behaviour in the reservoir. The successful and economic
K Bulk modulus growth of CBM production needs to advance knowledge of coal
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Odisha 769008, India
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Published online: 09 January 2018

structural properties and their variation under in situ conditions
(Holloway 1997; White 2005). The coal seams are extremely
heterogeneous reservoirs whose permeability depends not only
on geological age, coal rank and purity, but also on gas and
water saturations, in situ stresses and sorbed gas content. The
natural fractures and cracks are commonly observed in all rock
types but is perhaps most prominent in sedimentary rocks like
coal (McCulloch et al. 1974). The fracture plane in flat-lying
strata is usually perpendicular to the bedding plane commonly
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Abstract India will generate about 283,470 MW of electricity
by 2022. Seventy percent of the proposed energy demand is
fulfilled by fossil fuel, out of which 54 % of demand is
contributed by coal as reported by Krishna (2001). The coal
production would be 850 Mt per year to fulfil the demand.
Opencast mining plays a major role in meeting the demand of
coal for thermal power generation leading to the use of large-
capacity haul trucks. Carrying capacity of trucks/dumpers
used in opencast mines has grown from 30 to 250 t in recent
years. These ultra-capacity trucks/dumpers need well-
designed haul roads. At present, design of new haul roads is
based on past experience and empirical methods. The sub-
grade, sub-base and/or base of haul road typically uses the
overburden (O/B) materials which could be replaced by com-
posite material at a particular layer for better performance.
There are more than 165 opencast coal mines and many are
near to thermal power stations. Present-generation fly ash
(FA) from coal-based thermal power plants in India is
135 Mt/year and it is expected to increase to 300400 Mt/year
by 20162017 as reported by Cimento (2004). The usage
percentage of fly ash is about 60 % leaving the rest as plant
waste occupying a huge land area and creating environmental
problems. The investigation has characterised fly ash (FA),
mine overburden material (O/B) and lime (L). Geotechnical
properties of untreated fly ash, mine overburden, fly ash-mine
overburden mixes and lime-treated fly ash-mine overburden
mixes were investigated using response surface methodology
(RSM). Design-Expert software was used to establish the
design matrix and to analyse the experimental data. The
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relationships between the percentage parameters (%FA +
%0/B + %L) and experimentally obtained three responses
(California bearing ratio (CBR), unconfined compressive
strength (UCS) and BTS) were established. RSM was per-
formed to optimize the interactions of input parameter which
showed the best conditions for preparation of composite ma-
terial. According to the obtained results, the model was de-
veloped and further analysis was conducted. The experimental
values agreed with the predicted ones, thus indicating suitabil-
ity of the model employed and the success of RSM in opti-
mizing the composite material. Lime percentage, curing peri-
od was observed to have strong influences on the strength
parameters of the developed FCMs. The best composite ma-
terial obtained with highest CBR and UCS values.

Keywords Response surface methodology - Unconfined
compressive strength (UCS) - California bearing ratio (CBR) -
Brazilian tensile strength (BTS)

Introduction

Opencast mining involves displacement of large amount of
overburden (O/B) materials. Fly ash (FA) is, at present, un-
avoidable coal combustion by product. Fly ash possesses
many attributes to be used as an engineering material. The
behaviour of the surface course of haul road depends on the
bearing capacity of the materials that are beneath it. The
surface course exhibits excessive rutting, potholes, settlement,
sinking, and overall deterioration. There has been a significant
rise in the carrying capacity of dumpers. Typically, truck
haulage cost is nearly 50 % of the total operating cost incurred
by a surface mine (Thompson and Visser 2003). There is a
need to reduce vehicle operating cost and maintenance cost by
well-constructed good haul roads. Strengthening of the base
and sub-base of the surface coal mine haul road is of vital
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Abstract

The study of gas sorption characteristics is important for practical assessment of coal bed methane (CBM) production and
CO, sequestration in coal seam. Adsorption isotherm is one of the critical parameters for the establishment of production
as well as injection well. Adsorption isotherm provides information about the reservoir conditions and critical desorption
pressure as well as volume of gas that can be sequestered in deep coal seam. Alteration in sorption isotherm reflects the
increase or decrease of the gas production as well as CO, sequestration. Therefore, in this paper, experimental investigation
was carried out to determine the CO,/CH, sorption capacity of five different coal samples taken from different locations of
Jharia coalfield (Moonidih area) of Gondwana basin. Gas sorption capacity was determined at 27 °C temperature and up to
7.5 MPa pressure. CO, adsorption was observed to be higher than that of the CH,. The sorption ratio of CO,/CH, varied
from 1.6:1 to 1.2:1 for all coal samples. Furthermore, the experimental results were correlated using established Langmuir,
Freundlich, Temkin and D-R isotherm models. Experimentally obtained values satisfactorily fitted to the Langmuir and
Freundlich model with comparable accuracy. The excess adsorption capacity of coal was also compared with different rank

parameters to understand the variation of sorption capacity with rank of coal.

Keywords Coal bed methane - Proximate and ultimate analyses - CO,/CH, sorption capacity - Statistical analysis

Introduction

At present, climate change and global warming are the most
debated topics. CO, is one of the dominant causes of green-
house gas effect (GHG) and global warming due to its higher
concentration in the atmosphere. Thermal generation capac-
ity of India will be 290 GW in 2047, out of which 253 GW
will be coal based and 37 GW gas based (1). Increasing
demand of energy also increases CO, emission. Concentra-
tion of CO, in the atmosphere was found to be 396 ppmv in
2013 which was 40% higher than that in mid-1800s (2). The
rate of emission was 2 ppmv/year for the last 10 years (2)
alarming the world for advancement towards technology for
the reduction of CO, concentration in atmosphere. The CO,
concentration can be controlled by two ways: one to reduce
CO, emissions into the atmosphere and the other to reduce
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the present concentration of CO, in the atmosphere to safe
levels through application of various engineering principles.
The second way is possible by CO, storage in un-minable
coal seams, depleted oil and gas reservoirs, abandoned and
sealed mines, saline aquifers, oceans, etc. (Ishaq et al. 2009;
Shi and Durucan 2005; Robertson 2010). Sequestration of
CO, in deep coal seam is one of the techniques to reduce
CO, concentration in the atmosphere and mitigation of
global warming. Coal bed reservoir has the ability to store
and retain large quantity of CO, gas for very long time due to
its porous nature (Shi and Durucan 2005; Robertson 2010).
Injection of CO, in coal seam also facilitates beneficial effect
on enhanced coal bed methane recovery (ECBM) (Stevens
et al. 1998; Seidle 2000; Pagnier et al. 2005). Estimation of
CO,/CH, sorption in deep coal seam requires critical experi-
mental investigation (Hernandez et al. 2006; Vishal et al.
2015; Buscha and Gensterblumb 2011). Investigative effort
has been undertaken elsewhere to estimate excess sorption
capacity at different temperature and increasing pressure val-
ues (13; Prusty 2008; Chen et al. 2011). CO,/CH, sorption
ratio was reported to be 10:1 for low-rank coal and less than
2:1 for low- and medium-volatile bituminous coals (Deng
et al. 2015). Variation in gas sorption capacity of coal based
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Abstract

The feasibility of oil production in any reservoir depends on the porosity and the permeability of that reservoir. Particularly, the
permeability in the reservoir allows the ease of flow of fluid through it. High permeability is always desirable for the successful
production of oil in any reservoir. The porosity and permeability depend on the reservoir rock. In general, the higher value of
porosity and permeability makes limestone a suitable reservoir. Therefore, it is very important to characterize the reservoir in
terms of porosity and permeability for the feasibility of oil production. In this investigation, reservoir characterization was carried
out to determine the porosity and permeability of limestone reservoirs obtained from four different basins of Oilmax Mumbai. A
total of 32 core samples of NX size were tested for characterization and determined porosity and permeability values. The
variation in porosity and permeability was observed from 0.3 to 20.5% and 0.002 to 1.484 mD at the burial depth from 1618.86 to
1634.14 m, respectively. The normalized porosity and reservoir quality index were determined using the experimentally obtained
porosity and permeability values. Normalized porosity values were used to calculate the flow zone indicator (FZI), which varied
from 0.071971 to 6.024804. The least-square regression method was used to determine the hydraulic flow units (HFU) for
different limestone samples. The porosity range indicates the highly porous reservoir, while the lower permeability was observed
due to the non-linearity between porosity and permeability correlations. The results showed the consistent flow regime in five
different hydraulic flow units in wellbore A. The consistent fluid regime in the other wellbore is only possible by increasing the
reservoir’s permeability. Hence, hydraulic fracturing is highly recommended before the establishment of a production well.

Keywords Porosity - Permeability - Flow zone indicator - Hydraulic flow units (HFU)

Introduction methods are utilized to estimate HFU. Some of these are gam-

ma-ray, flow zone indicator, cumulative flow and storage ca-

The simulation of a reservoir and prediction of its performance
requires an accurate description of the reservoir is necessary.
The characteristics parameters like porosity and permeability
are essential for determining the hydraulic flow unit (HFU)
and the prediction of the reservoir performance. The concept
of HFU has been developed to estimate permeability in the
cored zone and then use their result in the un-cored zone.
Depending upon the nature and availability of data, various
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pacity curve, stratigraphic modified Lorenz plot, etc. (Zargari
et al. 2013). Carbonate reservoirs are as crucial as sandstone
since they contribute 60% of the world’s hydrocarbon con-
tainment. Characterization of carbonates is a challenging task
owing to their composition. Calcite is composed of calcium
carbonate, and it is chemically reactive and more prone to
diagenesis than silica. Carbonates in their early stage of depo-
sition exhibit high porosity and permeability. Dissolution and
re-precipitation are often seen in carbonates with time. Due to
this reason, carbonates mostly exhibit secondary porosity and
permeability (Abdulelah et al. 2018). Diagenesis caused het-
erogeneities in carbonate reservoirs, which makes it tough to
characterize carbonate reservoirs (Bagci and Akbas 2007).
Thus, making it challenging to comprehend the storage and
flow capacity. This heterogeneity resulted from depositional
setting and post-depositional diagenesis. Apart from causing
the problem in characterization, it also causes variation in pore
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Abstract

Cement bond logs (CBL) and variable density log (VDL) are one of the vital logging techniques used to evaluate cement-
casing-formation bonds before the well testing or execution of the production operation in the well. These logs are also
crucial during the workover operation to maintain the integrity of the well. The logging techniques provide a clear view
of the quality of cement bonds with casing and formation. The microannulus and other deviations in bonding between the
cement and the casing or formation are recorded using this technique. Therefore, this technique is used by the regulatory
authorities worldwide for the determination of the cement bond with casing and formation. In this paper, the CBL/VDL
logging technique was used to determine the bonding between cement and casing and cement and formation at two different
CBM wells from 850 to 1600 m depths in the Raniganj block of Durgapur, West Bengal. Two well, namely, A and B, were
analyzed to determine the cement-casing-formation bonds in the study area’s coal seam zone. The analysis was carried out at
normal and pressure pass to investigate the integrity of the well using the CBL/VDL data. The normal and pressure pass in
well A indicated the presence of microannulus in the bonding between cement and casing/formation in the coal seam zone.
The corresponding analysis of well B showed poor cement and formation bond at the coal seam zone during the normal
pass but good bonding after the pressure pass. Thus, it was observed that the CBL/VDL data were capable of determining
the cement-casing-formation bonds in both the well of the study area and the well’s integrity.

Keywords Cementation - Microannulus - Cement bond log (CBL) - Variable density log (VDL)

Introduction affects the bonding between the cement-formation due to

water presence, which loses its viscidity property of bond-

Cement evaluation plays a vital role in determining the bond
quality between casing-cement and cement-formation in a
wellbore. Detailed cement evaluation is paramount in CBM
wells. It affects the perforation placement due to uncon-
solidated formation, which may permit cross-flow of sand
(Jie, et al. (2014)) or water into the reservoir; thus, caus-
ing a loss of zonal isolation. Therefore, good cementing
is essential to maintain good integrity (Cai 2016). This is
due to the relatively low pore pressure present in the coal.
Moreover, the presence of an unconsolidated formation
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ing with cement. Thus, analysis of the bond quality is an
essential parameter in CBM well to predict good integrity.
The evaluation of cement-formation bonds is also crucial
before the well testing and execution of the production from
the well. Out of various techniques, the wireline logging
method is the primary method to visualize the quality of the
cement-formation bonds. The wireline logging method like
cement bond logs (CBL) and variable density logs (VDL)
was used elsewhere to evaluate the quality of cement bond
behind a cemented casing or liner before a well test or pro-
duction operation is performed in the well (Kyi and Wang
2015). The wireline logging method was used to determine
the isolation zone in drilling operations to avoid unwanted
cross-flows from behind the casing during production opera-
tions (Thiercelin et al. 1998; Timonin et al. 2014). The CBL/
VDL (CBL-V) method was used to evaluate the cement bond
behind the casing of thin sandstone beds (<7 m) separated
by thin shale/clay beds (1 to 8 m) in the Assam Oil fields
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Abstract

The mining practice, particularly in underground mines, undergoes several geomechanical uncertainties including crack propa-
gation due to machine operation and blasting. The geomechanical uncertainties reduce the stability of underground strata. Thus,
the assessment of the strength parameters and failure criteria of the coal mass of the underground structure is crucial for safe
mining practice. The paper deals with the experimental investigation of geomechanical properties of different coal samples
obtained from Raniganj Coalfield, India. The uniaxial and triaxial compressive strength properties (compressive strength
(MPa),Young’s modulus (MPa), bulk modulus (MPa), modulus of rigidity (MPa), Poisson’s ratio, axial strain, lateral strain,
vertical stress (MPa), horizontal stress (MPa), cohesion (MPa), and internal friction angle (degree)) were determined as per the
prescribed standard. The compressive strength of the coal samples varied from 2 to 7.07 MPa at the depth of 100 to 650 m. The
corresponding axial and lateral strains varied from 0.0039 to 0.007 and 0.0012 to 0.03. The moduli (Young’s modulus, bulk
modulus, and rigidity modulus) of the coal samples varied from 428.571 to 1683.333 MPa, 666.667 to 1309.259 MPa, and 150 to
654.63 MPa. The triaxial parameters like cohesion and angle of internal friction varied from 0.4 to 2 MPa and 31 to 43°. The
failure behavior of the coal was determined using different failure criteria (Bieniawski’s empirical strength criterion, H-B
criterion, and Vipulanandan correlation model) using the statistical method. The constant values obtained from the different
failure criteria were utilized to predict the vertical stress. Based on the experimental observation and the predicted values using the
established failure criteria, the design of the coal pillar was predicted. The innovation of this paper is to predict the application of
the suitable failure criteria for the design of underground support system and determination of design parameters based on the
predicted values.

Keywords Compressive strength - Rock failure criteria - Regression analysis

Introduction construction. The geomechanical properties of rock material

give an outlook of strength parameters of structure in the un-

The underground coal mine practice is always susceptible to
roof collapse above the underground opening and the collapse
of overburden above a longwall panel. In both conditions, it is
very important to know the strength of structures and the
cause of the failure to predict the stability of underground
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derground coal mine. These geomechanical properties are de-
termined using rigorous laboratory experimentation as well as
field observations, analysis, and visualization. The laboratory-
obtained data not only acknowledge the strength of rock mass
but also help to predict the stable design of the underground
structure. Several researchers elsewhere determined the
strength of rock material in underground mines using labora-
tory experimentations for the prediction of stable underground
strata (Lisjak et al. 2014; Lai et al. 2016; Deisman et al. 2010;
Jaiswal and Shrivastva 2012; Liu et al. 2017; Deisman et al.
2013; Bieniawski 1974; Noorian Bidgoli and Jing 2014).
The compressive strength of Irapua coal seam was investi-
gated using laboratory experimentations to predict the strength
of the underground strata (Gonzatti et al. 2014). The
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Abstract

Micrometer-scale pore and fracture structures of coal seams are the crucial parameters for the adsorption of coalbed methane
(CBM) and recovery. This paper deals with the microstructure’s influence on coal methane sorption behavior obtained from the
Jharia Coalfield, India. Coal samples were collected from different seams to study the variability and heterogeneity of the
reservoir parameters. Proximate and ultimate analysis of coal samples were determined to predict the rank of the coal.
Microstructural parameters like pore size distribution, surface morphology, and infrared spectroscopy (FT-IR) were studied to
predict the extent of gas sorption in the coal. The excess amount of methane sorption was determined using a volumetric method
at 47 °C temperature and variable pressure. The identified pore volume varied from 0.2 to 3.07 m*/g. The surface morphology
indicated inter- and intraparticle pores with spongy surfaces. The pore volume and surface morphology confirmed the favorable
sorption of methane in coal samples. The FT-IR study showed the formation of hydrogen bond and methane sorption in coal. The
maximum sorption capacity varied from 5.08 t0 9.01 cc/g at 400 to 580 m depth. A strong, positive, and nonlinear correlation was
observed with pore volume. The results showed that the presence of meso- and micropores and the spongy surface morphology
are vital in defining its methane sorption capacity. As a whole, these coals have a higher porosity from 4.9 to 5.64% and meso-
and micropores and are suitable for methane sorption.

Keywords Proximate and ultimate analysis - Microstructural analysis - Sorption capacity - Statistical analysis

Introduction

Coalbed methane is a fast emerging approach to address the
growing energy demand. It involves the exploitation of meth-
ane gas from a deep-seated reservoir. However, the recovery
of methane gas is a very complex exercise. Therefore, the
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gas’s recovery rate from the coalbed methane (CBM) is sig-
nificant for its successful economics (Kumar et al. 2018a).
Factors as coal permeability, porosity, cleat structure, and
methane content influence the recovery rate (Feng et al.
2014; Xie 2015; Chen et al. 2011), and the methane content
is one of the most critical factors among these (Vishal et al.
2015; Kumar et al. 2019a). The gas content depends upon the
adsorption capacity of coal at a particular location that de-
pends on the porosity and morphological structure of the coal
(Perera et al. 2017; Vishal 2017; Chandra et al. 2020). Coal is
heterogeneous with a polymeric material and complicated
pore structure; therefore, coal’s sorption behavior varies from
place to place and seam to seam. It is reported that methane
sorption increases proportionally to that of the porosity
(Kumar et al. 2015; Kumar et al. 2019b). There exist reports
that methane sorption rise with an increase in maceral content
like vitrinite, porosity, the rank of coal, and reservoir pressure
(Liu et al. 2016; Lee et al. 2013; Liu et al. 2013; Dallegge and
Barker n.d.).

Similarly, coal’s sorption behavior is adversely affected by
ash content, mineral matter, moisture content, reservoir
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Abstract

The manufacturing of the composite material has been developed tremendously over the years due to its superior properties like
low density, stiffness, lightweight and excellent mechanical as well as physical properties. These exceptional properties of
composite materials have found its applications widely in acrospace, automotive, marine and many more engineering areas.
The synthesis of the varieties of composites is continuously lookout without compromising its mechanical and physical prop-
erties. This paper deals in with synthesis as well as mechanical properties (Tensile Strength, Flexural Properties and Fatigue) of
Glass-Epoxy as well as Glass-Vinyl Ester composites. The resins used in combination of composites were epoxy as well as Vinyl
Ester while the reinforced material was glass fibers. The ultimate tensile strength in Glass-Epoxy composite was observed from
330 to 370 MPa while it was 270 to 330 MPa for Glass-Vinyl Ester Composites. Glass-Epoxy composites showed a 32% increase
in flexural strength due to post-curing strength while it was 16% in case of Glass-Vinyl Ester Composites. The results of the
fatigue analysis of composites indicate faster growth of cracks and defects at higher frequencies which results in a rapid drop in
stress levels in the test specimen. The statistical analysis was carried out to establish mutual correlation among mechanical as well
as physical properties.

Keywords Fiber reinforced composites - Glass-epoxy - Glass-vinyl Ester - Mechanical properties - Statistical analysis

1 Introduction

The application of glass fiber reinforced epoxy composites
are rapidly increasing in different fields of engineering in-
cluding aerospace, marine, automobile, etc. But the devel-
opment of new composite materials with desired mechan-
ical properties is still the real challenge. The selection of
the matrix as well as reinforcing material plays a leading
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role in the development of composite materials with spe-
cific applications. The mechanical, as well as the thermal
properties of constituent elements of the composite, govern
the long-term performance capabilities [1]. Glass fibers are
readily used to develop the fiber-reinforced composite, be-
cause of their impact as toughness, medium modulus, high
tensile strength, and thermal stability [2, 3]. Several studies
have been carried out to determine strength parameters of
glass fibers reinforced composite material to achieve the
desired mechanical properties [1, 4-8]. An Experimental
investigation was carried out to determine the tensile
strength of glass fiber reinforcement nylon (PA6) compos-
ite at variable weight percentage from 80 to 95% nylon and
5 to 20% glass fibers. The tensile strength of 80% nylon
+20% glass fiber composite showed the highest elastic
modulus and yield strength as compared to pure nylon.
The experimental report revealed that the weight percent-
age of glass fibers influenced much more in the determina-
tion of mechanical properties [9]. Increased tensile and
flexural strength from 10 to 25% was reported with the
incorporation of 20% (w/w) glass fibers in short bamboo—
glass fiber reinforced polypropylene hybrid composites
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Abstract

Air pollution in mining area is one of the critical concerns because of the generation of large amount of the particulate matters
(PM) in opencast mining operations. The emission of PM in the air not only deteriorates the surrounding environment but also
impacts adversely to the human health. The majority of the PM particles in opencast mining comprise PM2.5 and PM10. The
assessment of the limit of the PM particles is very important as it helps in environmental impact analysis (EIA/EMP) and
prediction of possible dust generation (PM particles) for any project to be established. In this paper, a model was developed that
is capable to predict the respirable dust particulate concentration in the ambient air at various locations near and away from the
dust-generating source, especially from a drilling operation in Indian opencast mines. The modeling was carried out using three
different methods, i.e., “SPSS,” “R,” and artificial neural network (ANN) methods. Results from these developed models were
compared with the US Environmental Protection Agency (USEPA) model for its validity. The predicted values from the
developed model showed good correlation and the least variation from the field-monitored values, indicating better accuracy,

compared with other models.

Keywords Dust pollution - Dust dispersion - PM - Statistical modeling - USEPA model

Introduction

Dust is one of the major air pollutants, which affects the am-
bient air, and is a hazardous or environmental nuisance that
causes many respiratory disorders when inhaled/exposed to it.
Dust generated from mining activities comprises PM2.5,
PM10, and respirable suspension particles (RSP). These par-
ticulate matters are one of the major concerns of coal mines, as
opencast coal mining operations/activities emit large quanti-
ties of dust, which disperses to far-off distances and deterio-
rates the surrounding environment. The increased concentra-
tion of PM in the air adversely affects human health as well as
nearby flora and fauna.
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There are mainly four categories of emission sources,
which are point, volume, area, and open pit sources. These
sources are the main contributors of the increased PM in the
ambient air. The concentration of the pollutants from different
sources including industrial source complex is mainly
assessed using the ISCST3 model, which is a steady-state
Gaussian plume model. The ISCST3 model is mainly used
for the hourly assessment and calculation of user-selected
short-term averages of the concentration or deposition value
of different sources as well as receptor. The input data for the
model are usually source dimensions, emission rates, wind
speed, wind direction, ambient air temperature, mixing height,
stability class, and receptor coordinates (Abdul-Wahab 2001).

The investigation was carried out to determine the concen-
tration of the PM in the ambient air using statistical models
over traditional deterministic models. The models were devel-
oped based on the previous air quality data for the prediction
of cause and effect of the dust particles in the ambient air. The
statistical models were developed based on semi-empirical
relations among different available data and measurements
(Abdul-Wahab et al. 1996; Abdul-Wahab et al. 2003). In order
to determine the correlation between input data and targets,
empirical relationship between air pollutant concentrations
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Effect of novel hybrid texture tool on turning process performance in MQL

machining of Inconel 718 superalloy
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ABSTRACT

Higher cutting zone temperatures are responsible for poor turning process performance during dry
machining of Inconel 718 material. In the present work, a novel hybrid surface texture tool under
minimum quantity lubrication (MQL) has been proposed to reduce the decremental effects that cause
during machining of Inconel 718 material. Present work compared to the performance of three tools,
namely, untextured tool (T1), texture tool having circular pit holes (T2) and hybrid texture tool
combination of circular pit holes and linear grooves (T3) under MQL cooling technique. It was observed
that hybrid texture tool (T3) significantly reduced the cutting zone temperature (T,,,), tool flank wear (V,,)
and surface roughness (R,) to a maximum of 36%, 59% and 46%, respectively, when compared to the T1
tool whereas it was 22%, 48%, and 30% when compared to the T2 tool, respectively. The present work
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meets the stringent environmental regulation along with the improved machinability of Inconel 718

superalloy.

Introduction

Superior heat resistance of Inconel 718 superalloy material leads
to having many applications in many fields, especially in aero-
space applications. Dry machining of these material results in
high manufacturing cost and poor surface quality.""! Flood cool-
ing technique is the one and has been used to control the cutting
zone temperature during machining of hard to cut materials.
However, it has concerns about the environment as well as
operators health negatively.” Metal cutting industries are
searching for effective methods to recover the process perfor-
mance along with satisfying the environmental regulations.
Cryogenic, MQL and compressed air cooling methods are
recently developed to perk up process performance by satisfying
the stringent environmental regulations.”’ Sivaiah and
Chakradhar observed superior turning performance character-
istics with cryogenic cooling during machining of 17-4 PH
stainless steel (PH-SS) material.**! Nevertheless, cryogenic
machining required costly experimental setup. However, recent
literature exposes that the surface texture of the tool is also an
effective approach to increase the wear resistance of the tool.
Palanisamy et al.' look into the R, cutting forces (F.) and V,,
outputs by considering the cryogenically treated texture tool
using Response Surface Methodology (RSM) during dry turning
of 17-4 PH-SS. It was reported that mathematical models were
developed by conducting experiments based on L,, and found
close agreement with experimental results. Further, optimum
cutting conditions were identified. Thomas and Kalaichelvan'”’

developed different single design surface texture tools and car-
ried out machinability studies during dry turning of mild steel
(EN3B) and aluminum (AA 6351) materials with texture tools
and comparison of results were done with untexture tools,
respectively. From results, it was found low F. and T,, when
compared to the untexture tools, respectively, at varying cutting
velocity conditions. The given reason for attained favorable
conditions in texture tool was due to the increased cooling rate
through convection mode at the tool-chip interface. Further, it
was reported that square dimple texture tool was outperformed
in improving the process performance over other texture tools
due to the reduction in the tool-chip contact length (L) at the
cutting zone. Arslan et al.!®! reviewed the literature on surface
texture tools and concluded that surface texture tools can
improve the metal removal process performance. Further, it
was reported that the method of lubricant supply and geometry
of texture tool can significantly affect the process performance.

Dinesh et al.'! investigated the different texture tools,
namely, parallel (P-1), perpendicular (P-2) texture to the
chip flow direction as well as untexture tool under external
spray cryogenic and dry cutting conditions, respectively, dur-
ing machining of ZK60 alloy. Favorable machinability was
found with P-1 tool under both environments when com-
pared to the P-2 respectively. Additionally, it was found
poor turning performance with an untexture tool when com-
pared to texture tool under both cutting conditions, respec-
tively, due to the high ‘L’ value. Manikandan et al.l'”

CONTACT P. Sivaiah @ sivaiah.337@gmail.com @ Department of Mechanical Engineering, Madanapalle Institute of Technology & Science, Madanapalle 517325,

India

Color versions of one or more of the figures in the article can be found online at www.tandfonline.com/Immp.
This article has been republished with minor changes. These changes do not impact the academic content of the article.

© 2019 Taylor & Francis



Trans Indian Inst Met
https://doi.org/10.1007/s12666-021-02314-6

i ®

Metallurgy Check for
s1s > Materials Engineering

updates

ORIGINAL ARTICLE

Evaluation of Mechanical Properties of Glass Fiber-BMPM/

DABA-PMC Composite

M. Muralidhar Singh' - Harinandan Kumar? « P. Sivaiah

Received: 21 March 2021/ Accepted: 23 May 2021
© The Indian Institute of Metals - IIM 2021

Abstract The design and fabrication of engineering
structures require an excellent understanding of loads
experienced by these members, the different weather con-
ditions under which they operate, and their effect on
operational life and fuel efficiency. Engineers are contin-
uously challenged to find ways of enhancing these struc-
tures’ operation life and reduce the weight; this demand led
to the development of composite materials. This paper’s
objective was to develop a composite with a high tem-
perature-to-weight ratio and testing their mechanical
strength and transition temperature. Therefore, in this
paper, glass fiber reinforced composite was developed
using 4, 4 bismaleimidodiphenylmethane (BMPM), O,
odiallyl bisphenol A (DABA) as resin, and dimethyl for-
mamide (DMF) as a solvent to evaluate their applicability
at the higher temperature. Glass-BMPM /DABA-PMC
Laminates were fabricated in this regard. The composites
were evaluated at variable curing temperatures ranging
from 180 to 220 °C. The glass transition temperature of the
developed composite was determined to assess its worka-
bility at the higher temperature. The mechanical properties
like tensile, flexural, and fatigue strength of the developed
composite were determined to evaluate its compatibility at
the higher temperature. The glass transition temperature
increased from 217 to 243 °C after curing the composite
between 180 and 220 °C. The ultimate tensile stress was
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observed at 340 4+ 30 MPa after curing. The flexural stress
of Glass BMPM was 276 MPa, before curing and 325 MPa
after curing. The increased transition temperature and
improved mechanical properties of the composite with
curing temperatures confirmed its workability at higher
temperatures.

Keywords Polymer composites - Post-curing -
Flexural strength - Tensile strength - Fatigue strength

1 Introduction

Composite technology is one of the accelerating factors for
fast-growing engineering and development. The develop-
ment of advanced composites enhances the material’s
strength and expands their applicability in almost all
engineering fields. The composite has gained worldwide
recognition over conventional materials used in industries
such as mechanical industries, aircraft industries, and
automobile industries. Polymer matrix composites are
increasingly making their advantages in structural appli-
cations because it exhibits the required properties and
lightweight for structural development. The versatile nature
of composites has attracted the manufacturer to use these
materials for several structural applications. As a result,
many materials (fibers and resins) with different fabrication
processes have been developed elsewhere [1-4]. The study
has been carried out to develop fiber reinforced carbon—
epoxy resin composite using resin transfer molding and
resin infusion molding [5]. The developed composite
exhibits comparable strength to be used for aircraft and
civil applications. The composite is frequently used as a
structural material due to its higher mechanical strength
and lightweight [6, 7]. Carbon—epoxy composite has
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Abstract

The multilayer thin film coatings are one of the proven technologies for improvement in solar thermal and optical applica-
tions. In current solar thermal and optical systems, multilayer thin film coatings find application in many functions such as
photovoltaics, heat exchangers, filters, sensor technologies, laser windows, mirrors, reflectors and optics for digital projec-
tions. The solar absorptance and thermal emittance of the multilayer thin film coatings are one of the leading factors for its
applicability in said areas. The processing conditions, morphology and surface finish influence the solar absorptance and
thermal emittance behavior of multilayer thin film coating. Therefore, emphasis has given in this paper to deposit multilayer
thin film coatings with an increased solar absorptance and decreased thermal emittance to improve its applicability in solar
thermal applications. Multilayer thin film coatings (Al,0,/Ni/W-Al,0,/W) were deposited using DC/RF magnetron sput-
tering on the stainless steel substrate to improve its applicability in solar thermal receiver tube for power generation. The
performance of this multilayer thin film was investigated by measuring the absorptance and emittance using 410 Solar and
ET 100 in the solar spectrum region at a variable incident angle from 20° to 60°. The effect of optical properties, micro-
structure and morphology of the multilayer thin film coatings was also investigated. The maximum absorptance 0.92 and
minimum emittance < 0.1 were observed in deposited multilayer thin film coating with the combination of Tungsten, Al,O4
and Nickel, respectively. The observed values indicate the practical applicability of the multilayer coatings in medium-to-
high-temperature range of solar thermal receiver tubes.

Keywords Multilayer thin film coating - Absorptance - Emittance - Sputtering

Abbreviations IR Infrared
DC Direct current AR Anti-reflection
RF Radio frequency FESEM Field emission scanning electron microscope
Ni Nickel SEM Scanning electron microscope
W Tungsten EDAX  Energy dispersive X-ray
Mo Molybdenum AFM Atomic force microscopy
\" Vanadium mm Millimeter
Al,O4 Aluminum oxide (alumina) sccm Standard cubic centimeters per minute
Si0, Silicon dioxide (silica) nm Nanometer
AIN Aluminum nitride pm Micrometer
keV Kiloelectron volt
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Abstract Geophysico-mechanical characterization
of coal data are important in the economic success
of CH,4 extraction as well as a CO, injection in deep
coal seam reservoir. The heterogeneous nature of coal
makes the CH, removal quite challenging because of
the complex behaviour of the seam at in situ as well as
applied stress level. Coal matrix behaviour depends on
several parameters as permeability, porosity, pore
pressure, gas content, structural features, etc. plays a
leading role in methane extraction. Therefore, exten-
sive laboratory investigation is handiest approached to
anticipate the behavior of coal effectively. This paper
presents the results of coal characterization, gas
permeability, adsorption/desorption capacity of coal
as well as the performance of CBM production well in
the replicated model of JH-MD-XVI-T coal seam at a
depth of 580 m. The coal characterization was deter-
mined to evaluate the prospects of methane in the
study area. The gas permeability was determined in a
triaxial experimental set up using Darcy’s approach to
in situ conditions. The decrease in permeability with
an increase in confining as well as gas pressure was
observed in all coal samples due to the crushing of
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grain, coal deformation and narrowing of fractures as
well as cleats leading to hinder the flow of fluid
through it. The well performance was evaluated to
determine the gas rate as well as cumulative gas
volume over twenty-five years of well life. Mutual
relation between permeability, in situ confining pres-
sure as well as gas pressure, has been established
statistically.

Keywords Coal bed methane - Proximate and
ultimate analysis - Permeability - Reservoir
simulation - Statistical analysis

1 Introduction

The growing need of industrialization reduces the
supply—demand gap of energy all over the globe
specially in India. Unconventional energy resources
like coal-bed methane (CBM) an alternate energy
sources have received greater importance b