2 [CME=-20

INTERMATIOMAL COMFERENCE OM MECHAMICAL
EMGIMNEERING

Edited by:
Prof. Dr. Tauseef Aized
Dr. Muhammad Farooq
Mr. Syed Sohail Rehman

ORGANIZED AND SPONSORED BY:

) oA [
“UET w www.hvacr.org.pk p cernim g
o<y
& h, 9 H ks N B /Il‘\\\ . =

Education The United States EIEE et {=====} NI ARSI

i i UNIVERSITY o] > G

4_1'4‘ USA j rduunanaliﬁmﬁfgz W SCHOLARSIIIPS
i g ' 1948

FACULTY OF MECHANICAL ENGINEERING

UNIVERSITY OF ENGINEERING AND TECHNOLOGY (UET) LAHORE, PAKISTAN




All Rights Reserved. No part of this publication may be reproduced, stored in retrieval system
or transmitted in any form without permission of the International Conference on Mechanical
Engineering.

ISBN: 978-969-23447-0-8

Proceedings of the International Conference on Mechanical Engineering (ICME-20).

Published By: Faculty of Mechanical Engineering, University of Engineering & Technology
Lahore

il



INTERNATIONAL CONFERENCE ON MECHANICAL
ENGINEERING

PROCEEDINGS OF THE
INTERNATIONAL CONFERENCE ON MECHANICAL ENGINEERING (ICME-20)

ORGANIZED BY
Faculty of Mechanical Engineering
University of Engineering and Technology (UET) Lahore, Pakistan
29-31 January 2020

il



FOREWORD

International Conference on Mechanical Engineering-2020 (ICME-20) is a multi-module,
multi-track double blind peer-reviewed International Conference which will be held on
January 29-31, 2020 in Main Auditorium, UET, Lahore, Pakistan.

This conference will showcase Research/Policy/Industry Papers, Posters and Projects,
Industrial Products Exhibition, Students Professional development from all disciplines of
Mechanical Engineering including but not limited to Thermo-fluids, Energy systems, Design
Engineering and Stress Analysis, Industrial and Manufacturing Engineering, Engineering
Management, Mechatronics, Control and Robotics, Textile Engineering, Aerospace and
Metallurgy and Materials Engineering.

Following are Six Modules of the Conference:

Module 1: | Plenary Sessions by industry leaders on issues related to national importance

Module 2: | Research Presentations by researchers, experts, Academics and Industry
Staff focusing state of the art research findings in theory and applications

Module 3: | Interactive Workshops for students, academic and industry

Module 4: | Posters/ Projects Exhibition by researchers, experts, Academics and Industry
Staff focusing state of the art research findings in theory and applications

Module 5: | Exhibition: Industrial products/ Education Expo/ Book Fare by various
industries showcasing their products and technologies

Module 6: | Entertainment and networking activities like Sky Lantern, drama, stage
performance and Lahore sight- seeing trips.

We would like to express our sincere gratitude to our sponsors Higher Education Commission of
Pakistan (HEC), Punjab Higher Education Commission (PHEC), HVACR Society, United Stated
Education Foundation in Pakistan, Education USA, Commonwealth Scholarships and KK Power
Company, for providing financial and technical support.

Dr. Muhammad Farooq Prof. Dr. Tauseef Aized
Secretory, ICME-20 Convener, ICME-20
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Abstract:

In this study, titanium (Ti) - hydroxyapatite (HA) biocomposites sintered at 800 ° C and 1200 ° C in argon
atmosphere and pure Ti sample were produced for comparison under the same conditions. The effects of the
addition of hydroxyapatite into tintanium on microstructure, phase content, surface wettability and corrosion
behavior of titanium were investigated. While the density decreased with increasing sintering temperature, the
density approached the bone with the addition of HA. Sintered titanium contains o-Ti and titanium oxide phases.
The Ti-10HA composite contains a-Ti, titanium oxide and hydroxyapatite phases as well as hydroxyapatite
decomposition phases depending on the sintering temperature. Furthermore, the water contact angle was
reduced from about 71 ° to 30 ° by the addition of HA into the Ti. In addition, the mechanical properties and

corrosion resistance of Ti-Ha biocomposite were found to be lower compared to pure titanium.

Keywords: Titanium, hydroxyapatite, biocomposite, powder metallurgy
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Abstract:

FDM technology, which is one of the additive manufacturing technologies, has many parameters
affecting product quality and strength. These parameters include layer height, wall thickness and
density. However, the strength increase obtained with these parameters remains limited. In this study,
the tensile load was applied to the chain link and finite element analysis was performed and the regions
with high stresses were determined. According to the results of the analysis, extra strengthening was
performed in regions with high stress. The results obtained in the present case were compared
experimentally with the tensile strength values in the reinforced sample. As a result, in case of
additional strengthening, 20% strength increase was obtained in addition to the strength increase

obtained by production parameters.

Keywords: Additive Manufacturing, Reinforced chain, FEM, Design, Tensile Strength.
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Abstract

Polymer, ceramic and metal powders are used in production with Binder jet 3D printer. Samples are subjected
to sintering after pre-bonding using adhesive. This heat treatment process significantly affects the mechanical
properties and strength values of the sample. In this study, test specimens were fabricated via pure Ti powders
and the effect of heat treatment processes on mechanical properties was experimentally investigated. Ti powders
are preferred because they are biocompatible, have sufficient strength, and especially have a high weight
strength ratio in porous structures in implant manufacturing. After the experimental work, it was detected that
the surface hardness of the sample increased with increasing sintering temperature. The powder distribution
was close to homogeneous in the SEM micrographs. In the conventional powder metallurgy method, strength

problems encountered due to the heterogeneous pore which are frequently encountered are overcome.

Keywords: Binder Jetting, Titanium, Metallic 3D Printer, Mechanical Properties
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Abstract

In this study, sliding wear performance of polyphenylene sulfide polymer (PPS) and 40% and 50% weight ratio of
chopped carbon fiber reinforced polyphenylene sulfide composites were investigated. In this context friction and wear
tests were performed by pin-on-disc test arrangement. Test conditions are chosen as 50, 100, 200 N normal loads and
1, 2, 3 m/s sliding speeds. The counter face disc material is AISI 1040 steel. The results showed that adding fiber
decreased the friction and wear rates. Furthermore increasing load decreased the friction coefficients of PPS and
composites, however increasing speed increased the friction coefficients of PPS polymer but speed decreased the

friction coefficients of fiber reinforced composites.

Keywords: Polyphenylene sulfide, carbon fiber, composite materials, sliding wear
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Abstract:

For future sustainable seawater desalination, the importance of achieving better energy efficiency of
the existing 19,500 commercial-scale desalination plants cannot be over emphasized. The major
concern of desalination industry is the inadequate approach for energy efficiency evaluation of diverse
seawater desalination processes by omitting the grade of energy supplied. These conventional
approaches would suffice if the efficacy comparison were to be conducted for the same energy input
processes. The misconception of considering all derived energies as equivalent in desalination industry
has severe economic and environmental consequences. In the realms of the energy and desalination
system planners, serious judgmental errors in process selection of green installations are made
unconsciously as the efficacy data are either flawed or inaccurate. The inferior efficacy technologies
implementation decisions were observed in many water stressed countries that can burdened a
country’s economy immediately with higher unit energy cost as well as causing greater undesirable
environmental effects to the surroundings. In this article, a standard primary energy based
thermodynamic framework is presented that addresses the energy efficacy fairly and accurately. It
clearly shows that thermally driven process consume 2-3 % of SPE when combined with power plants.
A standard universal performance ratio based evaluation method has been proposed that showed all
desalination processes performance varies from 10-12% of thermodynamic limit. To achieve 2030

sustainability goals, innovative processes are required to meet 25-30% of thermodynamic limit.
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Abstract

The growing demand for energy has led to strong research to grow a clean and renewable energy source.
Hydrogen stands out as one of the most perfect fuels thanks to its excellent energy conversion performance and
zero carbon emissions. Photoelectrochemical (PEC) water splitting is a sustainable energy production
technique that converts solar energy to hydrogen in the form of fuel. Semiconductors such as ZnO, TiO,, WOs;,
and BiVO, have an important role in the conversion of solar energy into the hydrogen via the PEC water
splitting. But, they exhibit low PEC activity owing to their wide band gap energy which restricts the absorption
of the visible light. Some methods such as noble metal doping, surface photosensitization and combining with
narrow band semiconductors were applied to develop the photocatalytic performance. Coupling of TiO; with
other semiconductors such as Bi,O3-TiOz, g-C3Ns-TiO,, CdS-TiO,, CuFe204-TiO2 has exhibited to increase the
photoelectrochemical efficiency by hindering the recombination of charge carrier. NiFe,O4 as a magnetic oxide
semiconductor, is one of the co-catalysts due to its low cost and visible light response for photocatalysis and
PEC water splitting. In this work, NiFe,O4/Ag/TiO, ternary nanocomposite was prepared for the PEC water
splitting under visible light. Compared the PEC water splitting performance of NiFe,O4/Ag/TiO, with the pure
TiO,, NiFe;O4 and Ag/TiO,, the ternary nanocomposite displayed the great activity. The superior activity of
NiFe,04/Ag/TiO; is related to its more visible light absorption and influential interfacial electron flow thanks to
the synergetic interactions of Ag nanoparticles and TiO; and NiFe2O4. In conclusion, this work demonstrates
that NiFe-O4/Ag/TiO2 nanocomposite is effective in PEC water splitting applications.

Keywords: PEC water splitting, Ag doping, NiFezO4.



Proceedings of International Conference on Mechanical Engineering -2020 (ICME-20)
Faculty of Mechanical Engineering, UET, Lahore, Pakistan

Recent advances in the use of phase change and silica
aerogel based materials for energy applications
in buildings.

Prof. Pascal Henry Biwole,
Université Clermont Auvergne, France

Abstract:

Phase change and silica aerogel based materials for thermal energy storage and thermal insulation in
buildings have attracted a lot of attention as promising materials to reduce the energy consumption and
carbon footprint of the building sector. Here, we present prototypes of several innovative building
envelops and systems integrating such materials. The complex modeling of the heat and mass transfers
through the materials is detailed. Life cycle assessment and economic analysis are also presented.
Results show that while phase change and silica aerogel based materials can dramatically increase the
energy performance of buildings, their dissemination in the buidling sector is still hampered by high

initial investment costs.
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Abstract:

For large area flexible or printed electronics, the aim is to make electronic products on a flexible
polymer, paper or metal substrate. Examples of these products can be Organic LEDs (OLEDS), solar
cells, RFID tags, smart cards, wearables and on longer term even complete flexible smart phones. When
more functionality is introduced in this field there will be a need for flexible electronic components like
capacitors and all kinds of sensors. These electronic components are now typically based on ceramics.
These class of electroceramics include the ferroelectrics which are used in capacitors and
piezoelectrics but also Negative and Positive Temperature Coefficient (NTC, PTC) thermistors. All
these Electroceramics are intrinsically non-flexible! In this course we will discuss various research and
development which is being done to come to more flexible components. This can be achieved by making
composites out of a polymer matrix and a filler material which can consists of electroceramic-powder.
Specific materials can be designed by structuring of electroceramic powder in the polymer matrix,
particle size and aspect ratio, and by the polymer which is used. This opens up new ways to make

functional components.
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Abstract:

A highly f-phase content poly-(vinylidenefluoride) (PVDF) membrane can be produced in a one-step
electrospinning process, which eliminates a need for the post treatment [1,2]. Electrospinning was
chosen to be the proposed method to produce piezo-pyroelectric membrane from polymer based starting
material. Micro energy scavenging devices based on PVDF have attracted many interest due to their
high sensitivity, low cost, easy preparation, excellent stability and good mechanical properties [3, 4].
This work reports a study on the fabrication and integration of PVDF microarrays for hybrid micro
energy scavenging device [5,6]. The microarrays consists of electrospun PVDF membrane (Fig.1) were
fabricated using MEMS approach. The micropatterning of the electrospun PVDF on a flexible substrate
was done by dry reactive ion etching (RIE) with oxygen plasma. Progress claims include: (1) high
etching rate value of 2um/min on the electrospun (PVDF) membrane; (2) micropatterning of
electrospun PVDF membrane on a flexible substrate. The results show that a rather higher etching rate
of electrospun PVDF membrane with value of 2um/min; successfully micropatterned arrays with
dimensions of 200/500/200um with the height of over 50um (Fig. 3). This work presented the
possibilities of micropatterning of electrospun PVDF membrane for integration into MEMS and micro

devices.
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Abstract:

Industry 4.0 is a part of fourth industrial revolution initiated by the German Manufacturers. The whole concept
is based on the coordination between machines and humans using the information technology. Transformation
from first to fourth industrial revolution enormously changed the concepts of productivity, value addition, quality
and product life cycles. Concepts of material transformation changed to; value addition, then value chains and
now life cycles which traces the product up to its dispose off. Traceability of raw material from multi-tier supplier
to manufacturing and manufacturing to distribution, retailer, customer and retirement has become essential part
of product life cycle management. Although the components of Industry 4.0 are extending due to the continuous
evolution but still the implementation of such a massive change is a question in backward countries such as

Pakistan.

Being the fifth largest nation on the earth, Pakistan is enriched in demand and production of basic agriculturally
based and other products, such as; wheat, cotton, milk, lentils, wood, cement, sugar, spices etc. Up to now the
factories processing such products are still too old and not upgraded to cater the need of productivity due to
increasing population. Agriculture, farming and other industries are still traditional, bearing the higher cost of
quality and inefficient working practices, resulting in shortages, high imports and wastages of foreign reserves.
To overcome these issues, it is the immense need of the country to implement smart industry or industry 4.0

concept.

Comparing the need of Industry 4.0 against the current infrastructure, Pakistan is one of the third world country
lacking the basic requirements, such as; availability of fast internet, multi-tier cyber security, skill set of labours
and management, availability of technological ready government protocol, cyber laws, load shedding of utilities

etc. Hence in this keynote, recommendations for the implementations and limitations are discussed in detail.
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Abstract:

Economic Survey of Pakistan and various other reports recognize that for over a decade (2008-2018), around 2-
3 percent of GDP was lost due to the power outages. The underperformance of energy and power sector both at
planning and operation levels, as such, have seriously affected the masses. Globally, such challenge has been
viewed and resolved with inclusive approach on economy, energy- technology, and energy-society. While energy,
as the sector was recognized too late in Pakistan. As such, so far Pakistan does not have any integrated energy
policy since its independence. During early days, power sector was primarily recognized as energy sector.
However, within power sector planning in late 1960s onwards, water management remained top agenda for
governments. In early 1990s, power sector reforms were promised and initiated as well. However, the reform
process was not only too slow but at the same time outcome of reforms was little evidently relevant. Various
energy and power sector plan and polices were announced thereafter; however, the results of such efforts
remained adverse with increased demand-supply gap and evolution of circular debt. The key barriers, however,
are not alone associated with government, yet these include unwillingness to pay the price of energy by the
consumers, the political stubbornness to maintain the subsidies, administrative and line losses, and, most
importantly lack of integrated energy planning and implementation. The failure of conformist approaches
emphasis that country explores indigenous resources and adopt globally acknowledged energy transition
pathway. An energy transition will have significant implications, as it will bring about essential changes in energy
trade balances, and impact economic development. The resultant energy transformation will create new energy
leaders and strengthening the significant investments in renewable energy technologies. At this juncture of time,
Pakistan, with substantial renewable energy potential, also need to quickly adjust and adopt energy transition

pathway as the future sustainability is linked with resilient and microeconomic landscape.

Keywords: Energy Transition, Renewables, Potential, Prospects, Pakistan
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Abstract:

Interaction between academia, research and industry is observed at best limited in Pakistan. This has resulted
mostly theoretical research, limited innovation and entrepreneurship and hence almost no opportunities for real
world solution provisions to the industry. In addition it is observed that the current capabilities and resources of
Pakistan in computational mechanics related areas are at best limited. The present practices are generally based
on limited and simplified data and empirical models developed over years of experience. Such manufacturing and
design practices fail to take advantage of the modern virtual prototyping technologies, thus making it difficult to
optimize the design of products. In order for the Pakistani industry to become competitive in the emerging global
economy that is taking shape under the umbrella of World Trade Organization, it is essential to modernize our
design practices and procedures. In this paper some applications of computational mechanics is presented to
highlight its use and importance for real world problems solving. This highlights potential of research in Pakistan
and invites researchers for interdisciplinary research to benefit the community for tangible outcomes as Mission
Oriented Research may be the only solution. Some of the case studies presented are regarding; bolted pipe joints
for petrochemical, nuclear, and process industries to analyses and optimize their performance for no leak
conditions addressing environmental impacts; simulate and optimize welding procedures to control deformations
and residual stresses during pipe flange joint during single and multipass welding; simulation and optimization
of Environmentally controlled poultry sheds; water and sediment flow simulations through tunnels and reservoirs
for their life predictions; simulations of renewable energy systems for optimized performances; applications of
high performance computing for large scale problems; industrial products such as overhead cranes, industrial
trusses and others.
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Mechanism and role of module design upon osmotically

driven module operation at pilot and bench scale

Dr. Farrukh Arsalan Siddiqui,
Chairman, Department of Mechanical Engineering, Bahauddin Zakariya
University Multan, Pakistan
Email: farrukh.siddiqui@bzu.edu.pk

Abstract:

Forward Osmosis (FO) has globally attracted consideration because of its potential to reclaim water with low
consumption of energy. However, membrane fouling still appears to be one of the major issues limiting the
efficiency of FO. Although, a number of studies have been performed to investigate the FO membrane fouling, the
majority of them focused on the use of synthetic water as feed which may well not sufficiently represent practical
performance and underlying technology. FO membrane fouling by real waters is much more complicated and has
been the focus of this study focussing role of module performance and its mechanism. The potential of a
commercial forward osmosis (FO) module to recover water from NEWater brine, an RO retentate, was assessed
by taking an innovative approach to obtaining the mass transfer coe fficients. The performance comparison of the
spiral wound (S-W) FO module with that of the ffat sheet laboratory unit suggests that the winding involved in S-
W construction can adversely af#ct performance; the values for the S-W mass transfer coe fficients were half of
those expected. This first-of-its-kind performance comparison utilised coupons of the membrane and spacers taken
from the module. The module was used both in the conventional manner for FO and in the reverse manner with
the active layer facing the draw solution. Estimates of membrane parameters and mass transfer coe fficients
experiments for the two orientations were obtained using pure water, 10 mM and 25 mM NaCl solution on the
feed side and 1 M NaCl as draw solution. The fouling potential of NEWater brine per se was found to be low.
These are the first results with a S-W module that suggest potential for this niche application; nevertheless the
level of the water flux through the S-W module clearly indicates that industrial applications of S-W FO will be

constrained to special cases.

Keywords: Forward osmosis, module, fouling, pilot scale, bench scale, membrane orientation
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Transformation of Industry in the wake of Smart
Manufacturing/Industry 4.0

Prof. Dr. Mirza Jahanzaib,
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Abstract:

The smart manufacturing/Industry 4.0 is to drive manufacturing forward: to be faster, more efficient and
customer-focused while pushing beyond mechanization and optimization to discover new business opportunities
and models. Since, Industry 4.0, realization, it is pertinent to discover its usefulness in manufacturing systems. By
entrenching modern technology into manufacturing, industry 4.0 objectives can be achieved. Workforce is another
critical area where technology makes a big impact. With communication and networking, workforce needs to talk
about what is happening in the manufacturing arena to find the solutions that work. The days of sitting in cubicles,
sticking with desktop computers and physical presence on the shop floor are old days. Smart workers run
everything, including business from mobile devices. Some key stepping stones in Industry 4.0 are: 1) Cloud
Computing; which is a single instance, multi-tenant environment scales with your business. Companies are
running on the same set of manufacturing software code and same database technology. This is the platform on
which manufacturers build their Industry 4.0 environment. 2) Industrial Internet of Things; Receiving and
shipping is carried out by automation. Within Industry, It's all done through PLC integration and controls, which
is highly efficient, higher product quality, and better customer satisfaction. Industrial internet of things connects
devices from the shop floor and to ERP. 3) Agility and Sequencing; Sequencing means best optimal use of
components and parts which arrive at a production line, in a specific configuration, at the exact time the product
is required for the customer’s specific product configuration. This will be a requirement for all manufacturing
companies across the industry spectrum. 4) On Demand- Manufacturing (Flexibility); Consumer preference and
demand patterns assume customers and companies are going to provide products to the market. For
competitiveness, manufacturing companies need to react and coping with rapidly changing the production process
to align with the evolving demand patterns of its customer base. These variable demand patterns will be flowing
through the enterprise business systems straight down to the shop floor manufacturing technology. This auto-
configure the manufacturing production lines so the specific products can be manufactured. The days of large
manufacturing plants making the same part or product, are gone. It's going to be localized and clustered
manufacturing, supporting customers within a very specific region at regional level. All this is possible with future

factories and one contemporary is Industry 4.0.
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Abstract:

The purpose of this talk is to persuade academia to develop capacity building in strategic and non-strategic
machine tool technology, and; machinery in other sectors. Strategic machines can produce non-strategic
machines and any other discrete product. Nonstrategic machines directly or indirectly produce machines used in
production of food, apparel and shelter. Functional Reverse Engineering of Machine Tools and Equipment is
meant for acquiring self-sufficiency in discrete manufacturing sector. Same process is applicable to other sectors
as well. Functional reverse engineering is a redesign and manufacturing procedure that does not violates
anybody’s intellectual property rights and allows incorporation of innovative features making the discrete product
under consideration more viable for the client. Pakistan being one of the Next Eleven emerging markets, requires
focus on more exports from the country and lessen the burden of imports. To achieve this and to move on to BRICS
nations, the country has to have the capacity to develop machinery in sectors, such as machine tools, construction,
food processing and packaging, textile, automobiles, home appliances, energy, biomedical engineering etc. The
Faculty of Mechanical Engineering at the Ghulam Ishag Khan Institute is fully aware of this necessity and the
Machine Tool Research Group at the GIK Institute has spent three years working in this area. The responsibility
of the group is to provide a general model for an enterprise of functional reverse engineering that can generate
profit in less focused but advance areas of research and development in the country and share the model with
peers working in other sectors. The work is being done with the support of Directorate of Science and Technology,
Department of Science and Technology, Government of Khyber Pakhtunkhwa; and, Ghulam Ishag Khan Institute

of Engineering Sciences and Technology.
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Natural Air Conditioning — Innovative air cooling

with renewable energy integration

Dr. Nadeem Ahmed Sheikh,
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Abstract:

Steep growth in the demand for energy in building sector is seen over the past few decades primarily due to
urbanization, population growth, climatic changes and improvements in living styles. On average, the
consumption of electricity in building sector of Pakistan stands at around ~50%. Out of this huge percentage
around 40-50% percent of the electricity is consumed in air conditioning and this share is expected to increase
in coming years. One alternate of commonly used conventional technologies is to rely on air cooling through
direct and/or indirect evaporative methods. This has been in practice for many decades but owing to health and
high inlet humidity issues; these techniques have not been able to match conventional systems. However, the idea
to use air as the heat transport fluid has recently gained attention owing to several advancements including
efficient multi-stage indirect evaporation techniques such as Maisotsenko-cycle. In addition, efficient and cost
effective ways of humidity control have also been achieved. Together with these two, in addition to solar energy
for re-generation of desiccant system, the technology has gained significant attention owing to low operational
cost and marginal carbon foot print. Since 2013, our team has worked on the idea and led to development of
prototype which has demonstrated its capabilities in lab environment. Today, with the aid of our industrial partner
and HEC TDF fund, the product shape of this idea is being prepared for domestic as well as industrial scale
applications providing provision for solar integration. This is a classic example of how the local resources and
human resource worked together to develop low cost, efficient & greener product to address local as well as

global challenge.
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Advanced Nuclear Reactors and their Role in Meeting

Growing Energy Demand of Pakistan

Kamran Rasheed Qureshi,
Department of Mechanical Engineering, PIEAS

Abstract:

Nuclear power reactor is a clean source of electricity and provides a consistent base load power. Because of
stable fuel supply and cheaper fuel cost, it reduces dependence on costly fossil fuel imports. In order to meet the
global electricity demand, the share of nuclear in the electricity mix is growing because of these advantages. At
present, there are 453 nuclear reactors operating in the world generating 399 GWe, and 55 units are under
construction in 18 countries. In order to enhance the role of nuclear energy in future, advanced nuclear reactor
designs have been proposed which involve improvements over existing designs or incorporates radical conceptual
changes in the design of reactors. These advanced designs offer improved safety, improved economic
competitiveness, less waste, and address many public health and safety risks. Pakistan has currently five operating
nuclear power plants. According to MTDF-2005-10, PAEC has been tasked to enhance the current installed
capacity by nuclear to 8,800 MWe by 2030. In order to meet this target, PAEC has been planning to build more
reactors. The construction work for two units (1100 MWe each) near Karachi i.e. K-2 and K-3 has already started
and sites for more nuclear power plants are being identified. However, in order to achieve this much high demand
by nuclear in Pakistan, large-scale deployment of advanced nuclear reactors is required. In this talk, advanced
nuclear reactor technologies available for immediate, near, and long term deployment will be presented.
Furthermore, their innovative features with respect to safety, simplicity and economics will also be discussed. At

the end, their potential role within the context of Pakistan will also be described.
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Influence of Plain and N2 Purging Conditions on
Corrosion Mechanism Correlated With Microstructures of

Low Alloy Steel Multipass Weldments
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Malik,
| 1Mechanical Engineering Department University of Engineering and Technology Taxila.

Metallurgy and Materials Engineering Department, University of Engineering and
Technology Taxila, Pakistan.

Abstract:

The influence of plain and N2 Purging conditions in plain water and 0.5 NaCl solutions of low alloy steel
weldments have been investigated through electrochemical technique. Gas Tungsten arc welding (GTAW) as root
/ hot pass and submerged arc welding (SAW) as filling / capping was applied to SA 516 (grade 70) steels. To study
effect of multipass welding cycles on Base Metal (BM), Heat Affected Zone (HAZ) and Weld Zone (WZ) , tensile
testing, micro-vicker hardness, optical microscopy, X-ray diffraction (XRD) and potentiodynamic polarization
scan was carried out. The attempt is made to correlate the corrosion kinetics with microstructural change in tap
water and 0.5 % NaCl solution in both plain and N2 purging conditions.The N2 purging conditions both in water
and saline environment accelerate corrosion damages. The base metal is more corrosion resistance than HAZ
and HAZ is more corrosion resistance than WZ. The presence of acicular ferrite in weld zone shows higher
corrosion rate in weld zone as compare to Base metal and Heat Affected Zone in water and 0.5 % NaCl solution

both in plain and N2 purging conditions.

Keywords: Boiler & Pressure vessel steel, Multipass GTAW Welding, HAZ, WZ, Corrosion and Microstructures
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Assessment of Wind Potential in South Punjab

Muhammad Sumair?, Tauseef Aized!, Muhammad Usman*
1. Department of Mechanical Engineering, University of Engineering and Technology, Lahore
Abstract

The work is important as it is 1% of its kind conducted so far in Pakistan. The expectedly high wind potential area in
Punjab i.e. South Punjab has never been assessed so far. Therefore, the current work focusses on the wind potential
assessment in south Punjab. Eleven locations from South Punjab have been analyzed using two-parameter Weibull
model and 5-years wind data which has been collected from Global Wind Atlas (GWA) and PMD (Pakistan
Meteorological Department). The analysis showed that Rahim Yar Khan carries the highest wind speed, highest
wind power density (WPD) and Wind Energy Density (WED) with values being 4.40 ms*, 77.2 W/m? and 677.76
kWh/m?/year respectively. Bahawalnagar observed the least wind speed i.e. 3.60 ms? while Layyah observed the
minimum WPD and WED as 38.96 W/m? and 352.24 kWh/m?/year respectively. Weibull frequency distributions and
commulative probability diagrams were drawn and presented. Polar diagrams were also drawn to determine and
show the optimum wind blowing directions at each location.

Keywords: Wind Energy, Wind Potential, Potential Assessment, South Punjab

1. Introduction

Wind energy, being a significantly economical and
renewable form of energy, is seeking attention
throughout the world these days. Currently the global
wind installed capacity reaches about 597 GW in
2019 [1] with China as the leading one having a share
of 37.01% in global installed capacity followed by
USA (16.14%), Germany (9.93%), India (5.46 %)
and Spain (3.85 %) [2]. According to International
Renewable Energy Agency (IRENA) report, 2019
[3], India has total installed capacity of 35 GW
whereas Pakistan has only 1186 MW which was only
106 MW in 2014 [4] . As Pakistan is energy deficient
country, having a huge reliance on fossil fuels for
both the primary energy (with 87% and 80% share as
of 2014 and 2019 respectively) and electrical energy
generation (61% and 64 %share as of 2014 and 2019
respectively) [5, 6], therefore, to achieve the
sustainable development, there is a need to harness
wind energy [7]. Before the exploitation of wind
energy, accurate estimation of wind potential is
important [8]. So far, numerous sites throughout the

world have been investigated. Hong Kong, an island
in China has been investigated to assess the wind
potential and to determine the suitability of certain
wind turbine models, presented in [9]. A potential
site in Brazil i.e. Paraiba has been investigated and
presented in [10]. Similarly, Firouzkooh county of
Iran [11], Arizona [12], Tehran, Iran [13] and many
others have been studied. In Pakistan, Gharo, Sindh
[7], Baburband, Sindh [14], Jiwani, Balochistan [15]
and other potential sites have been investigated.
However, province of Punjab has not been
investigated as no literature is available for that.
Keeping in view the geographical location of south
Punjab, high wind potential is expected there. The
objective of this paper is to investigate the wind
characteristics and to assess the wind potential in
south Punjab. The output from this study may be
useful for the feasibility of any wind power project
going to be launched.

2. Methodology

K

There are a number of distributions available to model
various phenomenon [16, 17] but two-parameter
Weibull model has been found the most accurate one
throughout the literature to estimate the wind potential
[18, 19]. 2-parameters Weibull model is given as
follows [20-22].

F)=1—e(© @)

f(V) = Probability Density Function
F(V) = Commulative Density Function

V)K K = Dimensionless Shape Parameter

=507
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C = Scale Parameter (ms™1)

Whereas shape (K) and Scale (C) parameters can be
estimated using energy pattern factor method [23]; one
of the significantly accurate method [24] for the
estimations of Weibull parameters

3.69

K=1+." @)
€= F(K%) @
WEPF = E,; = é% ®)
V=3V (6)

2.1. Wind Potential

Wind potential is not only determined by wind speeds
but also from wind power density and hence the wind
energy density because average wind speeds can be
identical for different locations irrespective of whether
they possess same or different wind power or wind
energy densities. Wind power and wind energy

densities can be estimated wusing following
mathematical relationships [11, 25]:
1 -3 3
WPDy, =2pC3r (1+2) @)
_1 -3 3
WED =2pcr(1+3)1 )

Two important speeds in the analysis of wind potential
are Most Probable Wind Speed and the Optimum Wind
Speed or the Speed Carrying the Maximum Wind
Energy. Once the Weibull parameters are calculated,
these speeds can be calculated using following
mathematical relationships [7, 13]:

Vg = € (52) (©)

3.4. Wind speed distribution

Commulative frequency distribution has been shown in
Figure 5 analysis shows that the highest wind potential
area has a wind speed greater than 3 ms? with
commulative frequency of more than 75% whereas for
Bahawalnagar the wind blows at a speed greater than 3
ms-1 with ~62 % commulative frequency value.

Vopt = Vmaxg =C (%)1/1(

3. Results and discussions
3.1. Wind speeds

Yearly average wind speeds have been shown in Table
1 alongwith shape parameters, scale parameters and
average wind power density values. The analysis of
Table 1 and Fig.1 shows that RYK has the maximum
5-years average wind speed i.e. 4.40 ms (with highest
value observed in 2018 was 4.56 and minimum value
in 2016 was 4.20 ms?). On the other hand,
Bahawalnagar carries the minimum wind speed as 3.60
ms-1 (with highest value of 3.90 ms in 2018 and the
least value of 3.38 ms™ in 2016).

3.2. Wind power and energy density

It has been observed from Table 1 and Figures 2-3 that

RYK possesses the maximum WPD and maximum
WED as 77.2 W/m? and 677.76 kWh/m?/year
respectively. On the other hand, the minimum values
of both the WPD and WED has been observed for
Layyah as 38.96 W/m? and 677.76 kWh/m?/year
respectively. The important point to note here is that
minimum wind speed has been observed for
Bahawalnagar but it is not the location with minimum
WPD and WED which shows that wind speed is not
the true representative of wind potential.

3.3. Most probable and optimum wind speed

The analysis of table 2 shows that RYK has the highest
most probable wind speed of 4.25 ms-1 and the
minimum value 3.44 ms?! has been observed for
Bahawalnagar. The highest optimum wind speed is
observed for RYK as 5.62 ms™* and the minimum is for
Layyah i.e. 4.57 ms* (lower than that of Bahawalnagar
i.e. 4.71 ms?). This is the reason why Layyah has the
lower WPD and WED than Bahawalnagar although
Bahwalnagr has the lower wind speed than Layyah.

3.5. Weibull distribution

Weibull distribution used to model the actual wind data
estimates the actual wind data with significant
accuracy. The Weibull diagrams for all 11 locations
have been shown here in Fig. 4 which is consistent
with shape and scale parameters listed in Table 1. The
highest peak shown here is for Layyah (consistent with
highest value of K i.e. 3.69). Similarly, the most
widely spread curve on x-axis is for RYK (consistent
with the highest value of scale parameter of 4.79 ms™).
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3.6. Polar Diagrams:

Polar diagrams are very important to show the
optimum direction in which the wind blows at a certain
location. The determination of this direction is
important as the amount of energy extraction surely
relies on the direction in which the turbine is installed.
In Fig.6, the polar diagrams have been shown for all 11
locations.

4. Conclusion

A region in south Punjab consisting of 11 districts has
been investigated and analyzed for wind potential
assessment. 2-parameter Weibull distribution with 5
years daily average wind data has been employed to
estimate the potential of wind. The following
conclusions have been drawn from the analysis:

i Rahim Yar Khan is the highly windy area
with maximum wind speed, wind power
density and wind energy density

ii. Rahim Yar Khan is the highly windy area
with maximum wind speed, wind power
density and wind energy density.
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Table 1.Annual Average Wind Speeds, Shape (K), Scale (C) parameters and Wind Power Densities (WPD) for South Punjab

Location 2014 _ 2015 __ 2016 2017 __ 2018

Vayg K C WPD Vag K C WPD Vag K C WPD Vag K C WPD Vag K C WPD
Bahwalnagar 3.68 3.2 405 46.37 351 281 3.9 40.04 3.38 3.18 3.72 34 35 298 3.87 40.1 3.9 323 426 5106
Bahawalpur 435 32 477 80.29 412 299 453 62.89 3.94 297 416 501 3.96 2.89 4.38 61 442 312 4.85 83.57
D.G Khan 3.8 35 413 43.86 3.82 336 4.17 43.72 3.81 356 4.11 41 3.96 354 4.27 47.7 442 366 4.74 65.16
Muzaffargarh 3.78 3 417 5273 3.75 29 416 46.97 3.62 297 399 411 3.81 3.03 4.21 51.8 433 322 472 7459
Multan 3.72 3.02 4.1 5167 3.62 287 4.02 43.12 343 293 3.8 36.57 3.6 298 3.98 45.77 419 3.26 457 68.22
Rahim Yar
Khan 454 3.1 496 885 445 319 486 735 420 321 458 655 415 293 4.58 66.8 456 324 496 91.19
Khanewal 3.72 3.02 410 51.67 3.62 287 4.02 43.12 343 293 380 36.57 3.60 2.98 3.98 45.77 419 3.26 457 68.22
Layyah 3.66 3.72 392 3574 3.60 354 390 35.80 3.67 3.67 393 3599 3.77 371 4.03 38.31 423 380 450 53.96
Lodhran 4,08 3.12 449 67.27 3.92 294 433 54.68 3.69 292 4.09 4594 3.81 293 4,22 54.43 436 320 476 77.19
Rajanpur 438 352 474 69.46 433 3.28 473 64.91 410 3.38 4.48 56.08 423 3.38 4.60 60.34 467 353 503 79.92
Vehari 3.75 3.12 412 51.14 3.60 289 399 4221 345 3.03 3.80 36.42 3.57 297 3.93 43.50 422 336 458 66.20

Table 2. Annual Average Values of Most Probable and Optimum Wind Speeds for South Punjab

Locations 2014 2015 2016 2017 2018

Vmp V maxe Vmp Vmaxe Vmp Vmaxe Vmp Vmaxe Vmp Vmaxe

Bahawalnagar 355 48 331 475 328 436 332 466 3.76 5
Bahawalpur 422 5.6 392 544 361 496 3.75 5.3 427 572
D.G Khan 372 47 374 481 374 467 387 4.88 434 534
Multan 357 49 345 485 328 456 343 479 406 531
Muzaffargarh 3.61 5 359 499 344 479 3.65 5.02 4.2 55
Rahim Yar Khan 4.39 5.8 4.3 5.7 4.07 5.34 3.95 55 442 577
Khanewal 3.57 4.89 345 485 328 456 343 479 406 531
Layyah 359 4.41 354 445 3.60 443 3.69 454 415 5.03
Lodhran 3.94 528 373 521 352 492 3.62 5.09 421 557
Rajanpur 429 541 4.22 5.49 3.99 5.20 412 5.31 458 5.72
Vehari 3.61 4.87 345 485 331 453 337 474 412 527
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Fig. 1. Yearly Average and 5-years Average Wind Speeds (ms™)
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Fig. 2. Yearly Average and 5-years Average Wind Power Densities (W/m?)
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Fig. 3. Yearly Average and 5-years Average Wind Energy Densities (kWh/m?/year)
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Weibull Distribution for South Punjab
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Fig. 4. Weibull Distribution for South Punjab
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Fig. 5. Commulative Frequency Distribution for South Punjab
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Fig. 6. Polar Diagram for South Punjab

On the other hand, Bahawalnagar is the
poorest area as far as wind speed is
concerned. But the minimum wind power
density and wind energy density has been
observed for Layyah rather than
Bahawalnagar

Highest most probable and optimum wind
speeds are observed for RYK while the
lowest Most Probable speed is observed for
Bahawalnagar and lowest Optimum Wind
Speed is observed for Layyah.

Weibull

frequency distribution and polar diagrams

distribution, commulative

are also drawn for each location analyzed.
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